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PEEPACE. 



The 'Introduction to Astronomy' and 'Astronomical 
Vocabulary,' which together form the present Volume, 
were originally published separately, but have been, for 
some time out of print. The ' Introduction ' having had a 
large sale in this country, and been translated into several 
foreign languages, I have thcTc^ht] the plan of the work 
concise as it is, sufiSciently ap{)roved/ and have only made 
such alterations as were rendered necessary by the progress^ 
of Science. The 'Vocabulary,' however, has been con^ 
siderably enlarged, and, it is hoped, thereby rendered ad- 
ditionally useful. The object of both works is to convey 
the fullest information in the fewest words consistent with 
a clear understanding of the subject. 

J. R. HIND. 

Mr. Bishop's Obseryatorj, 

Twickenham, Angust 1863. 



EXPLANATION OF 



ASTRONOMICAL SYMBOLS AND ABBREVIATIONS. 



Signs of the Zodiac, 



Aries T 

Taurus g 

Gemini 11 

Cancer 25 

Leo Si 

Virgo nf 



Libra £i: 

Scorpio ni 

Sagittarius f 

Capricomus yf 

Aquarius 2!!: 

Pisces K 



The Sun and Principal Planets, 



The Sun 

The Moon J 

Mercury 9 

Venus ? 

The Earth © or $ 



Mars . . , 
Jupiter 
Saturn 
Uranus . 
Neptune 



6 

h 



Various, 

ii Ascending Node. 

^ Descending Node. 

d Conjunction. 

g Opposition. 

D Quadrature. 

° Degree. 

' Minute of Arc, 

" Second of Arc, 

^ Hour. 

" Minute of Time, 

■ Second of Time, 



TIU 



8Y11B0LS Ain) ABBSEYIAII0K8. 



-51 or a . 


. . . Eight Ascension. 


5 


' Declination. 
1 + North ; - South. 


N.P.D. . 


. . . North Polar Distance. 


r 


. . . Kadius Vector. 


A 


. . . Distance from the Earth. 


fcjk • • • • • 
I 


• ■ • . .^h^ ^^r •r*^ • ^ ^ ^^ ^»^ ^^^b*^ Vr^k^^^ ^Hti^VMnflk •F"^ • 

. . . Intensity of li&rht. 


n.p. . . . 


. . . North preceding. 


n.f. . . . 


. . . North following. 


s.p. . . . 


. . . South preceding. 


s.f. 


. . . South followine. 


G.M.T. . 


9 S • ^^^ ^^ *^ W Bi^ ^b X^ JbJb X^ T v AAA C^ C 

. . . Greenwich Mean Time. 


S.P. . . . 


. . . Sub polo. 


M.Eq. . 


. . . Mean Equinox. 



In Gometary 
or Planetary 
calculations. 



COEEiaENDA. 

Page 94, line 8 from bottom, and page 96, line 8 from top, for seventy- 
Jive read seventy-eight. 

Page 128, the figure of the constellation Orion is accidentally inverted as 
regards its appearance to an observer in northern latitudes: it is 
correct for the southern hemisphere. 



FIRST INTRODUCTION TO ASTRONOMY. 



^Amoa 



PBHLntoARY BEFIiriTrONS. 



lOJTOKT is that branch of natural science which treats of 
the heavenly bodies, describing their apparent and real magni- 
tudes, distances, and motiona, and the laws by which they are 
governed. The wonderful facta it reveals to us respecting the 
mechaniamof the heavens, the grandeur and Ulimituble extent 
of the starry universe, and the beautiful harmony and regu- 
larity which prewul in the varied phenomena of the skies, 
have well entitled it to be called " tbe sublime science." 

The determination of the apparent and real magnitudes 
and distances of the heavenly bodies, their orbits or paths in 
space, and every thing relating to description or observation, 
form what is called Plane or Practical Astronomy ; tiie latter 
term is sometimes more especially applied to the management 
of astronomical instruments, and the explanation of the pro- 
cesses of calculation which attend tlieir use. 

The investigation of the causes operating in the motions and 
phenomena of celestial bodies constitutos Theoretical or Physieal 
Astronomy — an abstriMe and diflcult study, which involves 
mathematical reasoning of the highest order, and is conee- 
qnentiy suited only to the comprehension of the few. 

In the present tieatise we have to explain the principles of 
Plane Astronomy, and to place baforo the learner an outline 
of the most remarkable discoveries of ancient and modem 
times in this interesting eeience. 



1 



2 APFAAEKT MOTIONS OF THE STAIU9. 

APPAKENT MOTIONS OF THE STARS. 
Suppose a person to have taken his station somewhere in 
this country soon after dusk on a clear winter evening, where 
his view of the heavens is uninterrupted by terrestrial objects. 
The circle which limits his view on all sides is the sensible 
horizon ; and an imaginary line passing through the north and 
south points of the horizon and the point immediately over his 
head (termed the zenith) is the meridian of the place. 

If he regards with attention for some time the appearances 
of the stars, he will find that the g^pater number have an 
apparent motion from east to west ; stars that were near his 
western horizon when he commenced his observations will 
have set or vanished below it, while others have risen in the 
east. After a few hours, he perceives a great change in the 
aspect of the heavens. One star, however, still retains to the 
eye the same place it before occupied, and round this one the 
rest appear to have been carried: it is the Pole-star. He 
notes the distance between this star and the north point of his 
horizon, which is the elevation of the pole, or the latitvde of 
his station upon the earth's surface. Continuing his observa- 
tions, he remarks that those stars which are at a less distance 
from the Pole-star than his north horizon never set or disap- 
pear below it, but pass under the pole towards the east ; and 
observes in general, that the nearer a star is to the pole, the 
slower it appears to move ; and therefore the smaller is the 
space over which it seems to pass in a given time. He dis- 
covers that the stars attain their greatest altitude or height 
above the horizon when they arrive at the meridian, the act of 
passing which is termed the meridian passage or transit of a star. 
If he pursues his observations for several evenings, he pro- 
bably finds that, while the stars generally retain their relative 
positions without further change than is produced by their 
apparent westerly motion, one or more of the brighter objects 
have really altered their places with regard to the others* 
These moving bodies are \hQ planets-, the others^ which are 
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Infinitely more numerous, are called i^Q fixed stars — ^a tenn 
that requires to be understood in a comparative rather than an 
absolute sense. 

Suppose our observer, after a lapse of six months, to resume 
his station on a fine summer night, he inmiediately perceives a 
complete change in the aspect of the stars in his southern sky. 
New groups, of which he saw nothing before, now shine in 
place of the old ones. Turning to the north, he recognizes 
many of the stars he had watched during the winter ; but they 
have apparently travelled half round the Pole-star ; and some 
of those groups of stars which at the time of his previous 
observations were nearly overhead, are now seen between the 
pole and the north horizon. The same apparent movements as 
before are, however, still going on, though the configurations 
of many of the stars are new to him. 

The moon offers, at all times of the year, many points for 
his consideration. In the course of a month he traces her jfrom 
the narrow crescent just visible above his western horizon, as 
she passes onward amongst the stars with an easterly motion, 
her illuminated face increasing until it becomes a perfect circle, 
and then again diminishing to a thin crescent in the eastern 
morning sky; and a few days later he again finds her in the 
west recommencing her journey in the heavens. 



THE SYSTEM OP THE UNIVEESR 

By the system of the universe is understood the general 
arrangement of the heavenly bodies, so as to enable us to 
account for the appearances already described. 

The system now known to be the true one, and universally 
received, is called the Coj^ernican, or, less frequently> the 
Pythagorean system. Its main facts were taught by Pythar 
goras, a celebrated Greek philosopher, who flourished about 
500 years before the Christian era ; and his disciple Philolaus 
likewise supported its doctrines. But it is even probable that 
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some of the principles of the received Bystem were coirent 
ftmongat the aaeicnt Egyptians, a nation which distinguished 
itself for its acquaintance with the science of astronomy. 

About 350 jeai-B after Pj'thogoras. an erroneous theory of 
the univerfie was propounded by Cloudios Ptolemy of Alex- 
andria in Egypt, which, as it assigned to the Earth a more 
prominent and important place than the Greek system, pro- 
Tailed almost dsclusively for more than 1500 years, or until 
the true one was revived by Kicholaa Copernicus of Thorn in 
Prussia about the commencement of the sixteenth oentury. 
Yet the rapid advances and diBcoveries of astronomy since the 
age of Copernicus have rendered necessary several additions and 
ijnodificntione in the plan of arrangement for which he contended. 
< The received system of the universe in its present compre- 
hensive form is as follows (fig. 1): — The Sun occupies the 
centre, which appears the most natural place for so great and 
splendid a body. Bound him revolve the planets, in periods 
of different length and at various distances, the nearest com- 
pleting a circuit in less time than the nest in order of distance, 
and so on. Mercury is the first or nearest planet to the Sun*, 
and Venus the second ; they were both known to the ancients 
as far back as we have any records; their orbits, or the paths 
thoj dcBcribe, it will be seen, are within the Earth's, and for 
this reason they are termed inferior planets. Our globe is one 
of the planets, and is accompanied in its course round that 
luminary by the Moon, which revolves about the Earth as the 
lattfir pursues her couraeround the Sun. Mercury, Tenus, the 
Earth, &c. are calledyri'mnry planets, but the Moon is termed 
a secondary planet or saUUite, — the distinction being, that the 
former acknowledge the Snn for the centre of their motions, 
■while the Moon occupies a, less distinguished position, her 
<!ontral body being the Earth, which is iteeif a planet. 

• ObflarvationB have been made wliicli appau" to indicato the 
of at least, one planet within the orbit of Menrary, but coiifliderable 
•twnty attaohefl to this subject. 
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Beyond the Earth we have the planet Mars, aleo known to 
ttie aEcients : then follows the r^on of the email planets, a 
Dumeioue claBS of bodies, discovered since ihe beginning of the 
present centniy. The engraving indicates their position in the 




Fig. I.~Tbe SjrBlem of Qie Umverse. 
system ; but it would only have tended to eonfiise, had their 
paths about the Sun been introduced ; none of them, however, 
approach eo near the Sun as Uars, nor attain the orbit of 
Jupiter, the next-diatant planet, Jupiter was recognized by 
the aneientfl ; he has four moons or satellites, detected since 
IMb invention of the telescope, but which are occasionally 
d with tba naked eye by persona gift«d with strong 
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sight. Saturn comes next, and is the most distant of the 
planets known to the ancient world, which, as we have seen, 
were five in number, exclusive of the Earth. This body is 
attended by no fewer than eight little telescopic moons, and is 
surrounded by several luminous rings, the knowledge of which 
is the result of modem discovery. Uranus follows Saturn, 
and was found in 1781 by our great astronomer, the late Sir 
"William Herschel ; this planet heis a number of moons, four 
at least, possibly many more ; it is sometimes just perceived 
without a telescope. N'eptune, also a modem discovery, and one 
of a very remarkable and unprecedented character, completes 
the list of planets ; he is never visible to the naked eye. 

All the planets which revolve in orbits exterior to, or more 
distant from, the Sun than the Earth's path, from Mars to 
Neptune inclusive, are called superior planets. An inferior 
planet is always nearer to the central Sun than the Earth, and 
revolves in a shorter time ; while a superior planet is con- 
stantly further from it than our globe, and requires a longer 
period to perform its revolution. 

At distances immensely greater than that which separates 
Neptune from the Sun, are the Fioffed Stars, which surroimd 
the planetary system in all directions. A small engraving can 
convey no adequate idea of relative distances, such as those we 
meet with in the study of astronomy. It must therefore be 
understood that ^g, 1 is intended to illustrate the general 
arrangement and order of the Sun, planets, and stars, and by 
no means as a scale of distances. Neptune is thirty times 
further removed from the Sun than the Earth, and the nearest 
of the fixed stars is at least seven thousand times more distant 
than Neptune ; but these subjects will engage our attention 
after the fundamental principles of the science have been 
explained. 

The planets all move round the Sun in the same direction. 

A class of bodies termed Comets, which revolve about the 
Sun in paths of an oval or elliptical form, intersecting th^ 
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orbits of the planets under various conditions, requires to be 
mentioned as forming part of the system of which the Sun is 
the central body. 

Figure of the Earth, 

' The form of the Earth is very nearly that of an orange ; it 
is not therefore a perfect sphere, in which case the diameter in 
every position would be the same. 

Many proofs may be advanced that the Earth is round. 
Ships have left a port, and after sailing in the same direction, 
excepting such deviations as were imavoidable through the 
intervention of land, have ultimately arrived at the port from 
which they set out. If we watch the vessels on the sea-coast 
as they recede from the shore, another indication of the roimd 
figure of our globe is afforded : we first lose sight of the hull 
of a ship, then of the lower masts, and finally, of the highest 
sails and masts, as the vessel sinks below the horizon in sailing 
for its destination. In addition to these simple proofs, there 
are many others less easily understood by the beginner. 

Hevolution of the Earth upon her Aocis — Day and Night — 
Apparent Motions of the Stars eccplained. 

The Earth revolves from west to east, about an imaginary 
line called her axis, in the space of one day. The extremities 
of the axis are termed the north and south terrestrial poles ; 
and if we suppose it extended to the stars, it indicates the 
poles of the heavens. Equidistant from the poles on the sur- 
face of the Earth is the great circle called the equator, which 
divides our globe into two equal parts or hemispheres ; and an 
extension of its plane to the starry sphere traces out the eehs- 
Hal equator, or equinoctial as it is sometimes called. 

As consequences of the Earth's diurnal revolution, the 
heavenly bodies appear to have that motion from east to west 
to which allusion has already been made ; hence the cause of 
day and night: for, suppose s (fig. 2) to be the Sun, e the Earth, 
taming upon her axis n o from west to east in the direction of 
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the arrows, half her surface only is illnminated at one time by 
the Sun. To a person at b the Sun is in the horizon, and day 
commences, the luminary appearing to rise higher and higher 
in the heavens with a westerly motion, as the observer is 
carried forward by the Earth's diurnal rotation to c, when b« 





O Fig. 2. 

has the Sun in his meridian, and it is consequently noon. The 
Sun then begins to decline in the sky until the spectator 
arrives at n, when it sets, or is again in the horizon on the 
west side, and night begins. He moves on to a, which marks 
his position at midnight, the Sun being then on the meridian 
of places on the opposite part of the Earth ; and he is then 
brought round again to b, the point of sun-rise, when another 
day commences. 

It has been before remarked that many of the stars do not 
appear to rise and set, but pass round the pole of the heavens 
as a centre, and are continually above the horizon. To explain 
how this happens we must have recourse to ^g. 3, where o 
is the place of a person upon the Earth's surface, szpn his 
meridian, s n the horizon, p and b the north and south poles 
of the heavens respectively, z the zenith, and £ a the celestial 
equator. Now p n, it will be observed, is the elevation of the 
north pole above the horizon, or the latitude of the place. 
Suppose a star to be seen from the Earth on the meridian 
below the pole at g, as our globe revolves upon its axis in the 
direction a e, the star appears to travel on through the small 
circle to h, when it is again on the meridian above the pole ; it 
continues its course along the dotted line to g, and is onco 
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more oa tlie meridian, having made a complete circuit roundJ 
the Pole-star (which is apparently without motion), hut hal 
not descended helow the horizon of the spectator ; and it it 
easy to see that the „ 

same will happen ~ ■ — ^ 

with all stars 
whose distances 
from the pole are 
lesa thaa P K or the 
latitude of the 
place. A star fur- 
ther from the pole, 
aa, for instance, at 
t, and above the 
equator, will rise 
at d and set at /, 
80 that during a 
considerable part 

of its circuit it is ^<S- ^■ 

invisible to the observer at e ; and tbia bolds good with a staT^ 
at 6, below the eqnat^jr, which rises at a, and seta at e, except- 
ing that its visible course is evidently much shorter than that 
of the former at e. A star upon the equator remains as long 
above the horizon as it does belo-w it, or 12 hours in each ct 
being half the length of the Earth's diurnal revolution. 

Geographers divide the eircumference of the earth into 360 I 
degrees ; astronomers do the same with the heavens. The i 
angular distance of a star from the celestial equator is called 
its declination, and is counted on from 0° to 90° towards each 
pole, being considered north or aoutli, according as we reckim 
towards tho north or south polo, 

z s and z s measure 90°, or one-fourth of tho circumfeienoe, j 
and therefore the distance between the zenith and the ■pole i 
(zp) will be equal to 90° leas the latitude of the place 
■ince the celestial equator is always equitotant fcom the p 
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dividing the starry sphere into two equal parts, p q will like- 
wise measure 90° ; hence as s z n is 180°, z q is equal to p w, 
and z p to q s, or the distance between the zenith and the 
equator is equal to the elevation of the pole or the terrestrial 
latitude, and the distance between the zenith and the pole is 
equal to the greatest elevation of the equator above the horizon, 
s E is the depression of the south pole of the heavens below the 
same, and is also equal to the latitude of the place. Bearing 
these facts in mind, we learn, as a general rule applying to our 
own station upon the earth's surface, that all stars whose 
distances from the north pole are less than the latitude of the 
place never rise or set, but remain continually above the 
horizon : all others whose distances from the opposite pole are 
less than the same degree of latitude never become visible, 
while stars included between these limits rise and set, their 
daily courses across the heavens, or diurnal arcs, being 
greater or less than 12 hours, according as they are situate 
above or below the equator, or have north or south decli- 
nation. 

Modifications of this rule are required for places in the 
southern hemisphere, but they are easily supplied after a little 
consideration of fiigure 3. 

To a person placed at either pole of the earth, the stars 
would not appear to rise and set, but would describe circles 
parallel to his horizon. 

TheEcliptic — Equinoxes — Zodiacal Signs — Bight Ascension and 
Declination — Celestial Longitude and Latitude, 

The Earth accomplishes a revolution round the Sun in the 
course of a year, and during the whole of this time her axis 
continues directed to the same point in the heavens. 

"We have seen that, on the Copemican theory of the universe, 
the Sun is reaUy fixed in the centre of the system ; but the 
annual motion of the Earth causes him to appear to trace out 
|n the heavens a great circle called the eclij^tie, which coincideSi 
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with the orhit of the Earth. The ecliptic cuts the celestial 
equator in two points, called the equinoxes, and is inclined 
thereto at an angle of 23|°, which is consequently the measure 
of the inclination of the Earth's axis to that of her orbit or the 
ecliptic, and is termed by astronomers the obliquity of the 
ecliptie. 

The ecliptic is divided into 360% and again into twelve equal 
parts of 30°, called signs, A belt of the heavens, extending 
9° on each side of the 'same, is called the zodiac, within which 
the paths of all the larger planets appear to lie. 

The zodiac is of very high antiquity, having been used 
amongst the ancient Egyptians, Hindoos, and other nations, as 
fer back as we have any records. The stars which are com- 
prised within this belt are formed into twelve groups or eon- 
stellations, corresponding with the twelve signs, and each is 
represented by some figure, as that of an animal, <fec., to which 
the configurations of the stars within it are supposed to bear 
some resemblance: the similarity, however, is very small, 
except in one or two cases. We here take occasion to remark 
that the subdivision of the stars into constellations is extended 
over the whole heavens — as will be described more fully in 
another place. 

The following are the Latin and English names applied as 
well to the twelve signs as to the constellations of the zodiac ; 
also the symbols by which the former are distinguished : 

£^ libra . . the Balance. 

Jl\^ Scorpio . the Scorpion. 

t Sagittarius the Archer, 

yf Capricomus the Goat. 

^ Aquarius . the Water-bearer. 

^ Pisces . . the Fishes. 



V Aries ... the Earn. 

. the Bull. 

. the Twins. 

. the Crab. 

. the Lion. 

. the Virgin. 



Q Taurus . 
n Gemini . 
^ Cancer . 
JJ Leo . . 
njj Virgo . 

The equator is divided into 360°, and further into 24 hours, 
called hours of Bight ALScension, measuring 15° each. 

The commencement or first point of Aries coincides with 
that equinox where the Sun in the ecliptic crosses the equatoi 
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going north, and is adopted as a starting-point from which to 
reckon celestial distances. 

The right ascension of a heavenly body is its angular 
distance from the first point of Aries, counted on the equator 
either in degrees or the equivalents in time, reckoning 15° to 
one hour, and proportionally for minutes and seconds. In the 
former mode of reckoning we have the right ascension in arc, 
and in the latter, the right ascension in time. If the declina- 
tion of a star be given as well as its right ascension, we know 
its place in the heavens ; for we have the distance from the 
equator, which is always expressed in degrees, minutes, and 
seconds, and the dbtance, measured on the equator, from the 
first point of Aries, which may be written in time or in arc : 
thus, it amounts to the same thing to say that the right ascen- 
sion of a star is 16** 3"°^, or that it is 240° 45', because 16 mul- 
tiplied by 15, the number of degrees in one hour, gives 240 
for the degrees, and 3 multiplied by 15 gives 45 for the 
minutes. 

The ecliptic is also used as a means of indicating the places 
of the stars. The angular distance of a heavenly body from 
the first point of Aries, counted on the ecliptic, is called its 
longitude — a term which must be carefully distinguished from 
longitude in geography. It is always expressed in degrees and 
minutes, i, e, in arc instead of time, and is usually counted on 
from 0° to 360°, the signs having gradually fallen into disuse 
on account of the unnecessary trouble they give in astronomical 
calculations. The distance of a star from the ecliptic north or 
south is its latitude — a term which is also to be understood in 
a very different sense to that in which it is employed in 
geography. The longitude and latitude of a star being given, 
its position in the heavens is known. 

The Seasons, 

The inclination of the Earth's axis to her annual path is 
the cause of that most important succession of seasons — < 
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Spring, Summer, Aiittimn, and Wintor — on which mankind 
depend for the multifariouH produce of the earth, necessary for 
the Biipport and enjoyment of life. The aimplicity with ■which 
the seasons are exphuaed by the revolution of the Earth in her 
orbit and the obhqnity of the echptic, may certainly be adduced 
as a strong presumptive proof of the eorrectneBB of the princi- 
ples already advanced ; for on no other rational suppositionB 1 
with respect to the relations of the Earth and Snn, can these, 
and other as well-known phenomena, be accoiint«d for. 

In fig. 4, let A, E, 0, n represent four positions of thQ Eaith J 




1 her aminal path round the Sun at s ; pa 
her axis, p the north nud « the south pole ; e p is the Earth's 
equator inclined to her orbit, or to tho ecliptic, 23J°. 

When the Earth ia at a, the north pole (p) is turned towards 
the Sun, and is therefore Ulnminated, while the opposite 
pole (a) is deprived of sunlight and remains in constant dark- 
ness. The Sun is at hia greatest north declination, and i 
vertical to all places in the northern hemisphere which are- 1 
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2^^ distant from the equator, as at g. This hemisphere is 
wholly illuminated — ^it is the northern summer. Now in 
summer, we know that the regions about the north pole have 
daylight, that the ice then melts, and navigation becomes prac- 
ticable for a time — ^facts which are clearly explained by the 
Earth then turning her north pole towards the Sim. Again, 
in our own latitude we have long days and short nights in 
summer ; the day is considerably more than 12 hours in length, 
and the night proportionally shorter than 12 hours. This cir- 
cumstance is equally a necessary consequence of the Earth's 
position at a ; for in the middle of the temperate zone the night 
only lasts while the Earth revolves through double the space 
h c, whereas the day will be represented by twice ah, — as only 
one side of the globe can be seen in the engraving. The day 
is longer than the night nearly in the same proportion that 
a 6 is longer than h c. When the Earth is at a, the Sun is at 
the commencement of the sign Cfincer, or at the svmmer sol- 
slice, which occurs about the 21st of June in each year. 

Next, suppose the Earth to have made half a revolution 
round the Sun and to have arrived at c ; her axis, it wiU be 
seen, remains parallel, or is always directed to the same point 
in the heavens. The north pole (p) is now turned away from 
the Sun and is involved in darkness : it is the arctic night. 
The south pole, on the contrary, enjoys the greatest possible 
amount of sunshine. The Sun is vertical to aU places 2'^}^^ 
south of the equator, as at ^ ; he is at his greatest south de- 
clination, and the whole of the southern hemisphere is illu- 
minated. This position of the Earth corresponds to the winter 
solstice, which falls about the 21st of December, the Sun being 
at the beginning of the sign Capricomus. From the short 
length of 6 c as compared with a h, we perceive how the long 
nights and short days of an English winter are produced : the 
night at Christmas has attained the length of the day at 
Midsummer. 

At the intermediate positions of the Earth n and b, the Sun 
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is vertical to all places on the equator, as at o : at d he is 
apparently crossing the equator towards the north, and at b 
towards the south — our glohe moving in the direction of the 
arrows. It is the spring equinox at n, the autumnal equinox 
at B ; in both the night is equal in length to the day throughout 
the Earth's surface*. The former corresponds to the 21st of 
March, and the latter to the 21st of September, in each year. 
The Sun is at the beginning of the sign Aries, in longitude 0°, 
on the 21st of March, and at the beginning of libra, in longi- 
tude 180°, on the 23rd of September. 

Permanm>cy of the Seasons, 

The inclination of the Earth's axis to her annual path is 
subject at present to a very slow diminution, amounting to about 
one minute in 120 years. Supposing this could go on continu- 
ally, the equator and ecliptic would at length coincide : instead 
of the succession of seasons, the inhabitants of the earth would 
experience a perpetual spring, vegetation could no longer pro- 
gress as it now does ; and though the change must be brought 
about after an enormous lapse of time, things would eventually 
be entirely different to what we now find them. But it has 
been otherwise ordained: before the ecliptic can have ap- 
proached the equator to a degree sufficient to produce any 
sensible alteration of climate upon the surface of our globe, its 
motion in that direction must cease, and after becoming sta- 
tionary for a time, it will begin to recede towards its present 
state. Spring, summer, autumn, and winter must, therefore, 
succeed each other through all time ; and this astronomical 
fact recalls to our recollection the promise of the Creator, that, 
as long as the earth remaineth, seed-time and harvest, and 
cold and heat, and summer and winter, shall not cease. The 
permanency of the seasons is one of the most beautiful facts 
which astronomy enables us to explain. 

* A very small circle round the poles alone excepted. 
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Changes in the Aspect of the Starry Heavens in different 

Months, 

In describing the appearances of the stars, it was stated that 
an observer who examined the heavens in winter, and again 
in the summer, would find an entire change in the groups of 
stars or constellations, as they are called, during the inter- 
vening months. This is easily explained by the Earth's annual 
revolution round the Sun. 

In fig. 5, suppose a b e n to be the orbit of the Earth, and 
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Fig. 5. 

E F G H the sphere of the fixed stars, surrounding the Sun in 
every direction. When our globe is at a, the stars about e are 
on the meridian at midnight, being evidently seen from the 
Earth in the opposite quarter to the Sun at s, which is on the 
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meridian at noon : they axe most favourably pl&ced for ob- 
servation. The Btara at e, on the contrary, will be invisible, 
for the Sun interveEes between them and tiie Earth ; they are 
on the meridian of the epecttttor about the same time as the 
Sun, and are always hidden in bis rays. In three months the 
Earth hoa moved over one-fourtli of her orbit and has arrived 
at B : stars about c now appear on the meridian at midnight, 
xvhilst those at e, which previously occupied their places, have 
descended towards the west, and are becoming lost in the Sun's 
refulgence ; while those about q are just coming into sight in 
the east. In three mouths more the Earth is situated at c, 
and stars about e shine in the midnight sky ; those at f having 
in their turn vanished in the west. Stars at e are on tlie 
meridian at noon, and conaequenUy hidden in daylight ; and 
those about b are just escaping &am the Sun's rays, and com- 
mencing their appearance in the east. One revolution of the 
Earth brings the same stars again on the meridian at midnight. 
Thus it is that the Earth's motion round the Sun as a centre 
explains the varied aspect of the heavens in the summer and 
winter skies. 

True Form of the Earth's Orblt^Kepler'e Lotus. 

Hitherto, in speaking of the Earth's orbit and the effect of ' 
her annual revolution upon the appearances of the heavens, 
we have assumed, for the sake of simplicity, that ite form wae 
circulnr: this is not strictly the case. 

Kepler, a famous astronomer who lived in the early part of 
the seventeenth century, was the first to discover the real nature 
of the tracks pursued by the Earth and other planets in their 
circuits ronnd the Sun. He was oljserving with close attention 
the planet Mars. Sometimes he found its rate of progress was 
slower than at others ; it was at one time behind the plac 
expected to find it, and at another in advance of it. This 
occasioned him much perplexity, until at last he detected Hie 
true cause of the irregularities, and announced to the world 
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that the paths of the planets are not circles, bat ovals or 
ellipses, having the Sun in a certain point called the foctis. 
This was the first of three laws of nature discovered hy the 
same philosopher, and universally known as Kepler's Laws. 

The figure annexed (fig. 6) is intended to represent the orbit 
of the Earth ; the Sun is situated at s, nearer to one end of the 




Fig. 6. 
ellipse than to the other. It follows that the Earth's distance 
from the Sun is not the same during the whole year. It is 
nearest to the Sun at p, and is then said to be ia perihelion ; it 
afterwards recedes until it arrives at the point a, which is 
furthest from the Sun, and is then said to be in apTielion, The 
line joining the perihelion and aphelion is called the line of 
apsides. These terms are not confined in their use to the 
Earth's orbit, but apply to aU the planets. 

When the Earth is in perihelion, the Sun is said to be in 
perigee, or nearest the Earth ; and when our globe is in aphe- 
lion, the Sun is in apogee, or furthest from the Earth. The 
words ' apogee' and ' perigee' are often used by astronomers to 
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indicate the greatest and least diatancea of any planet from the I 
Earth. 

Unequal Veloeities of the Earth ami PJaitets in tJieir OrUU— I 
Kepler's Second Law. 

One consequence of the motion of a heavenly bodjr in an 
ellipe is a variable rate of progress at diiFerent parts of the 
curve, just aa Kepler remarked to take place with the planet 
Uars. TTiw aecond low teaehea that equal areas of the ellipse 
are always described in equal times. To understand what is 
meant by this, suppose a planet moves in a certain time, a week 
for instance, from perihelion, at p to the point a ; it will have i 
described the area or space included within p a a p, or by lines 
drawn from the Sun to its poaition in the orbit at the begin- 
ning and end of the week. Again, suppose the planet to move j 
from aphelion at A to the point b in the same space of time, it ] 
will have described the area included within asba; and 1 
Kepler's law tolls us that the spaces p s a p and abb* (which I 
are both passed over in one week) most be equal, But the J 
planet at a is bo much further from the San than at p, that to ' 
make the areas equal, it will not require to pass over so large 
a portion of the ellipse at a as at b ; for if we assume it to 
have advanced from a to c, so that a c shall be equal in length 
to p tt, it will be evident that the space or area included within 
A s c A ia very much greater than the area p a a p ; a b therefore 
■will bo less than p a ; and thus we see how it is that a planet 
ioes not always appear to move at the same rate. Its velocity ' 
is greatest when it is nearest to tbe Sun, and least when it is | 
farthest from hitn. 

The line joining the Sun and a planet at any point of its 
orbit is called the radita-veetor, which is least at perihelion and 
greatest at aphelion. It is the true distance of a planet from 
the 8nn. This imaginary line travels round the Sun with the 
planet; and hence Kepler's second lawis often announced thus: 
Hu radivs-veetor daeribes equal areat in equal lime». 
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Relation bttu'Kn tlu Mian Disianees and Periods of the Planttt 
—Keplrr's Third Law. 
To Kepier we are indebted for the discovery of a striking 
relation subsisting between the mean distances of the planets 
and the times in which they complete their revolutions round 
the Sun. He found that " the squares of the periodic times 
are to each other in the same proportion as t^e cubes of the 
mean distances ;" whence it results that, knowing the Earth's 
period and distance and the time of revolution of ttnothOT 
planet, we con ascertain the distance of that planet espresaed 
in the same way as our own. Thus, if P be the Earth's period, 
and n her distance from the Sun, and if p and d have the 
same meaning in the case of another planet, then it followa 
that 

The square of The square of The cube of The onbc of 

& simple proportion, constituting Kepler's third law, which 
can easily be verified by introducing numbers. 

Lavi of Vmversai Attraction. 
The learner will naturally inquire, what is it that retains 
the Earth in her orbit, and causes her to describe year after 
year, with unerring regularity, the same oval path about the 
Sun ? Kepler, though he discovered the law of motion, was 
unable to explain it ; but otit illustrious countryman, Sir Isaac 
Newton, loss than a century after Eepler's day, succeeded in 
solving this wonderful problem, unfolding to the world the 
existence of a power in nature which foUy accounts for the 
form and permanency of the planetary orbits. This great 
man proved that each particle of matter throughout the uni- 
verse attracts every other particle, with a force proportioned to 
tiiejr distance and the mass or weight of the attracting body, 
i. e. one body attracts another most when nearest to it, and 
least when furthest removed. This ia called the principle of 
universal gravitation. It is by the action of this force that 
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the planets are retained in their orbits round the Sun, having 
once received from the Divine Hand the impulse that set them 
in motion. For, as a planet is attracted towards the Kun, 
which ia by far the largest and moat massive hody iu the 
system, and is at the same time impelled forward by the 
motion originally conmiunicatod to it, it cannot strictly obey 
either force, but its actual course ia a result of tbo two aom~ 
bined. Supposing the Sun exercised no influence upon it, 
baring onee received the primitive impulse, it would, if undis- 
turbed, move onwards for ever ia a straight line. But the 
attraction of the Sun being in force, tie planet's path is bent 
towards that luminary. It raoTca onward towards its peri- 
helion, increasing its velocity aa the Sun gains more power 
npon it, through the diminishing distance, until its arrival at 
that point. The impulse it has received is, however, sufficient 
to cany it past the perihelion ; and it stQl pursues its course, 
though with diminishing velocity, till it reaches the aphelion, 
at which point the rate of motion has bo far decreased that the 
Sun's attraction becomes more powerftil, and draws it towards 
him once more. "While the planet ia moving from aphelion to 
perihelion, or approaching the Sim, the influence of that body 
tends to quicken its rate of motion in the orbit ; and while it 
passes firom perihelion to aphelion, hia attraction causes a 
gradual retardation in its speed. The contending forces are so 
accurately adjusted, that neither can ever gain the ascendency, 
and the planet must continue to describe its elliptie path 
through all time. 

"We cannot parsue this subject further, as, in its detmla, it 
is too difftcult for an introductory treatise. What has been 
already said may be rendered more easy of comprehension by 
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True DtmeraioiU of the Earth. 
We have seen that the Earth is a. nearly globular or spherical 
body, somewhat compressed or flattened at the poles. 
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The Earth's diameter, ia the directioii of the equata 
about 7020 miles, but it is 26 miles less in the direction o 
poles : the former is termed tlie eijuiLtorial, and the latter f 
polar diameter. 

The circumference of the Etirth is nbout 25,000 miles. 

The methods used to find these results will he undereto 
from the following simple case. A person, provided with a 
suitable measuring inBtruraent, determines the elevation of the 
pole above the horizon, or his latitude at some one station. 
He then moves northward, i. e. in the line of the meridian, 
until the pole appears 1° higher than before ; and aBcertoioB 
the distance between the two stations on the Earth's aurfaee, 
vhich will correspond to 1° of latitude. Now this distance ia 
id to ho on an average 69j English ndlos ; and the whole 
aircumference being divided into 3S(f, we have only to mul- 
tiply the number of miles by 360, and we know the distance 
round the Earth — 25,000 miles. But the circumference of 
evffly circle is rather more thcun three times its diameter (3'16), 
wherefore, by common division, we find the diameter of the 
globe to be, as above stated, about 7900 English miles. The 
process here explained is called the measurement of a degree 
of the meridian. 

By performing ainulaT operations in various latitudes, the 
lexact form of the Earth and the amount of flattening at the 
poles have been determined. 

It will afford an idea of the extreme minuteness and accu- 
racy with which these and other astronomioal observations are 
conducted in the present state of science, when we mention. 
ttiai two great mathematicians, who have quite independently 
worked out the problem, have arrived at numbers, representing 
the mean diameter of the Earth, which differ only hy Jifty-Jivs 

Prec€Siion of the Biptinoaiea. 

The equinoxes are not stationary amongst the stare, but 

poflsesa a retrograde or westerly motion, i. e. contrary to the 
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order of the signs, wliich modern, obscirntions show to be at 
the rate of abont 1" in seventy yenre, or 50" of arc annually. 
This remarkable effect is called the preeexgioa of the tquinaxee, 
becauBo the position of the eqninox in any year precedes, in 
the order of signs, that which it occupied in the preTiona one. 
PrereiBsiou consequently mcreaatt the longitudes of the stars at 
Uie above rate. 

It is the revolution of the pole of the equator round that of 
the ecliptic, brought about by the action of the Sun. Moon, 
and other planets, which causes the retrocession of the equi- 
noctial points. This revolution is performed in a path scarcely 
differing from a circle, at a distance of 23|° between each, 
pole ; the time occupied is no less than 24,450 years, in which 
interval the equinox completes an entire circuit of the heavens. 

Suppose a (fig. 7) to be the pole of the echptic, and the 
small circle to be 
traced out by the 
pole of the equat^ir 
in the course of its 
revolution round a ; 
tdso let 1.B repre- 
sent a part of the 
ecliptic, the arrows 
indicating the order 
of the signs or the 
direction of the 
Sun's apparent mo- 
lion. When the 
pole of the equator 

is at Pj, the cqui- Fig. 7, 

ooclial point will fall at Ej ; but when the pole, in its westerly I 
course, arrives at p,, the equinox will have fallen back from i, \ 
to s,; it will have moved contrary to tbo Sun's apparent I 
motion, so that tho point from which wc reckon longitudes on I 
the ecliptic, and right ascensions on the equator, must occupy I 
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S4 NCtATIOlt OF THE EASTH's AXIS. 

B position amongBt the etara when the pole of the equal 
Wimrf that it poBseBsed at the time the pole waa 
IB the stars do not really participate in 
their lougitndea are necessarily increased from yeur to year. 

The precession of the equinoxes was discovered 2000 years 
ago by Hipparchus, the moat celebrated astronomer of anti- 
quity, who found, on comparing his observations of the longi- 
tudes of several stars with others taken about 200 years earlier 
by Timocharis, that they had increased in tho interval more 
than could he accounted for by any errors in the observationB. 

Since the time of HipparcluB the e(|uinox has retrograded 
nearly 30°, or one whole sign. The stars that were then in 
Aries are now under the sign Fisces ; those that were in Taurus 
have receded into Aries, and so on. 

The learner should distinctly understand that the changes 
in the position of the heavenly bodies, attributed to the retro- 
grade motion of the equinoctial points, are neither real nor 
apparent, but merely imaginary or conventional. If. instead 
of adopting the intersection of the equator and ecliptic as the 
origin &om which to reckon longitudes and right ascensions, a 
fixed star had been used, there woald be no such efl'ect as 
precession. 

Nutation of the EariKi Axit. 

The attraction of the Moon upon the spheroidal flgTire of the 
Earth gives rise to a slow motion of her nsis to and fro, which, 
from its oscillatory character, has been termed the iw.lati<m. 

Bemembering that the pole of the equator is the vanishing- 
point of the Earth's axis in the heavens, it will be easily com- 
prehended that the effect of nntation must he to impress upon 
the place of that pole an apparent motion corresponding to the 
Jeal movement of the Earth's axis ; and if there were no other 
Source of disturbance, tho result would be that the polo must 
describe a small ellipse in the heavens every nineteen years or 
thereabouts, that being the interval in which the Moon's attrac- 
tion goes through all itfi variations. But the poll 
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equator is actually in motion round that of the ecHptic, from a 
different cause, at the same time that it undergoes the oscilla- 
tory motion arising from the 
nutation of the Earth's axis ; 
whence it appears its true 
course will be in a wave-like 
curve, something like that 
represented in the figure an- 
nexed. 

The effect of nutation is 
perhaps more readily under- 
stood and better exemplified 
by supposing the mean place 
of the pole of the equator to 
describe a circle round the ^* 

pole of the ecliptic p (fig. 8), while its true place revolves 
about the mean one in a small ellipse, the longer diameter of 
which is invariably directed towards the latter pole, and is to 
the shorter one nearly in the proportion of nine to seven. 

Every object in the heavens, whether fixed or in motion, is 
£iffected to a certain extent by the nutation of the Earth's 
axis ; but the amount of variation from the mean place can be 
easily calculated for any required moment. 

Science is indebted to Dr. Bradley, formerly Astronomer 
Boyal at Greenwich, for his discovery and explanation of this 
apparent displacement in the situations of the heavenly bodies. 

Aberration of Light, 

There is another cause whereby the apparent places of the 
stars differ from their true ones, depending on the progressive 
motion of light, combined with the motion of the Earth in the 
ecliptic. The rays emanating from a st£ir appear to reach us 
from a different direction to what they would do were the 
Earth at rest. 

To illustrate the effect in a general way, we wiU suppose a 
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ball to be dropped from the point p (fig. 9) into the mouth of 
an inclined tube c a, and that an observer at the bottom of the 
tube is carried along the horizontal line from a to b, at a velo- 
city proporttonec^ to that of the ball in its descent towards the 
same line : the ball would then travel down the tube without 
striking against its sides, and when the observer arrives at b^ 
he would see it as if it had come from the point % instead of p» 




Fig. 9 

If, now, the ball is supposed to represent a ray of light from a 
star, and a b a part of the ecliptic through which the Earth 
moves in a certain interval, the nature of the apparent dis- 
placement of the star from the cause already mentioned will 
be readily understood. Its measure is expressed in the figure 
by the angle p b a, by which the true place differs from that in 
which the star seems to be. 

This phenomenon is termed aberration, and was also dis- 
covered and explained by Dr. Bradley in the first half of the 
eighteenth century. 

Another very common illustration of the effect of aberration 
is the striking of rain-drops against the face of a person walking 
quickly through a shower which is falling vertically ; here the 
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rain-drops may be taken for the rays of light, and the change I 
of place of the inilividual for the Harth's motion in her orbit. 

When the ray of light is perpendicular to the direction of 
the Earth's motion, aberration is greatest, and when it ia 
parallel to the same, aberration vaaiahoB altogether. The 
general effect upon the stars is to cause each one to describe 
(in appearance only) a small eUipae in the course of a year, 
the central point being the place the star would occupy if our 
globe were at rest. 

It is necessary to draw a distinetioD between the kind of i 
aberration which apphcs to the fixed stars, and what is termed ] 
the aberration, of planets and comets, bodies moving rapidly I 
through space. If the latter were motionless, like the stars, 
they would be similarly affected by aberration ; but when we I 
consider that light requires a certain interval to pass &om a 
planet to the Earth, and that in the meantime the planet itself 
must have made some progress in its orbit, it is evident that 
at the moment a ray of light reaches the Earth, the true posi- 
tion of the body from which it proceeded is not in the same 
direction as that ray, but will differ therefrom by the actual 
motion of the planet during the transmisMon of light from it 
to the Earth. The true position of a moving body at any 
moment is always in advance of the apparent one. Thus we 
never see the Sun in the place he really occupies in the ecliptic 
at the instant of ot«en'ation, for hght requires 8™ 18" to 
travel from that luminary to the Earth, and in this interval the 
latter has moved at her average velocity over an arc of 20"-5, 
or the Sun has apparently changed his place to the same 
amount; so much therefore will he be observed behind his 
true point in the ecliptic. 

The arc of 20^", by which the apparent position of the Sun 
as seen from the Earth, or of the Earth as seen from the Sun, 
differs on the average from the actual place, is called the con~ I 
ttaiU of aher ration, 

3 corrections due to the places of the fixed stars on I 
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I aoooimt of aberration are caeily calculable, bccanse we k 
I the relatiTe velocitieB of light, and of tbe Earth in her a 
. orbit, npon which the effect depends. And it is equally eaay 

to determine the corrections required in the observed poutiona 
. of the planets, because their distances are known to us, and 
I the time that light occupies in travelling from them t 

~ th is conaequontly known, also. 
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THE RECKONING OP TIME. 
I The Ap2>arent Solar Day — Tlie Mean Solar Day — Equation 

./ r™,. 

From the very earliest ages, when mankind found the neees- 
P Bty of some standard by which to reckon their days and years, 
the Sun has been universally regarded as the natural regulator 
of the seaaons, aad time has been measured by his apparent 
motion in the heavens. Indeed, that such was to bo the use 
of this magnificent orb to the human race, was declared at the 
creation ; it was to be " for signs and for seasons, and for days 
and for years." 

The interval elapsing between two successive arrivals of the 
Sun on the meridian of any place is called an apparent solar 
day ; and time so reckoned is called apparent time. If the 
Sun moved in the equator with an equable velocity, days bo 
measured would be of equal length thi'oughout the year ; but 
the Sun's path is in the ecliptic, or inclined to the plane of the 
Earth's diurnal revolution, and his apparent motion ia not 
uniformly the same ; for the Earth's eUiptic motion, which (as 
before stated) causes it to move quicker at some times than 
at others, produces a corresponding variation in the rate of 
progress of the Sua ; and hence the apparent solar day is not 
of equal length at all times of the year. 

To obviate this inconvenience, astronomers suppose a ficti- 
L tious or imaginary sun to move in the equator, with the k 



sun's average motioa in the ecliptic. When this imaginary or I 
mean tvn comes to the meridian, it is said to be mean n. 
and when the true sun is in the same position, it is apparent 
noon. Our clocks in common use are regulated to mean time, 
and will therefore sometimes ahow twelve o'clock hefore the 
true sun has reached the meridian, while at others they will 
yet want aome minutes to noon when the Sun is so aitua 
This is what is meant in the almanacs when we read of ] 
" Clock hefore Sun," and " Clock after Bun." 

The diffcrenee between mean and apparent timo is called 
the eijuation of time, and is the quantity we should have 
apply to the timo by clock of the true Sun'a arrival on 
meridian, or of apparent noon, iu. order to obtain mean nc 
Four times in every year the eqnation of time is zero, or 
true and imaginary suns coincide. Twice in the same period 
the clock is before the Sun, and twice afler it. The equation 
is set down in the almanacs, and is indispensably necoasary 
for regulating a clock by the Sun. 

The interval elapsing betwetm two aucceasive passages of 
tho imaginary or mean sun over the meridian of a place is 
termed a mean tolar day, and this is the day in common use 
amongst all civilised nations. 

An exact knowledge of the time is of the highest import- 
ance in navigation. The sailor refjuire^ to know before his 
departure on a long voyage, not only to what extent his watch 
may be fast or slow upon the eorreet Mme, but also how much 
it loses or gains thereon in the ooorse of a day, that he may he 
able to calculate its error when at sea. To afford liitn an 
opportunity of doing this, arrangeroenta have been made at 
several of our principal seaports to show the exact moment of 
1 o'clock every day by the dropping of a ball from the top of 
a mast to which it is attached, in some open situation. At the 
fioyal Observatory, Greenwich, a time-ball waa erected many 
years ago for tho convenience of the numeroua vessels on the 
river Thames ; it falls at 1 o'clock daily the precise instant 
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I being shown by the ball leading the top of the maat. Wban 
I observations of the heavenly bodies can be pretty regularly 
taken, the error in letting oflf the Greenwich time-ball is less 
a two-tenths of a second. 




10.— The Time-ball at Grecowioh. 
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Sidereal Time— The Transit Imtm 



The interval botweea two suocosaive passages of a star 
the meridian is called a sidereal day. It is the true length of 
time occupied by the Earth in revolving upon its axis, and is 
3™ 66' shorter than the mean solar day, i. e. a star returns to 
the meridiui in less time than the Sun hy 3" 5fl'. Wc have 
seen that the same star may be upon the meridian at all hours 
of the day and night, according to the time of the year, and 
this arises from the motion of the Earth round the Sun, 
through which our globe has to complete rather more than a 
whole revolution upon ita axis, before the Sun ia brought to 
the meridian again, whereas a star would have passed the 
same 4° earlier. This gaining of the stars upon the Sun is 
called the acceUration of sidereal upon mean time.. 

Clocks regulated hy the stars give sidereal time, and are 
always used in astronomical ohservatoriea i ono revolution of 
the clock through 24'' represents one apparent revolution of 
the starry sphere. When the clock shows O"", the first point 
nf Aries is on the meridian, and. this being the point from 
which right aficension is reckoned along the equator, the time 
by the sidereal clock is always the right ascension of such 
stars as are passing the meridian, above the pole, at the mo- 
ment. Wherefore, by noting the time when an unknown star 
is in this position, wo have its distance from the first point of 
Aries at once. Telescopes for this purpose are fixed in the 
meridiaa at all observatories, and are called Tranait-instru- 
ments. Wires are plaoed within the tube of the telescope, so 
that they may be seen at the same time as the star, which the 
astronomer watches as it is oamod across the telescope by the 
diurnal revolution of the Earth ; he notes by the clock the 
moment when it passes the wires, and thus determinee the 
precise time of its meridian transit, which gives him the right 
«wension of the star. 
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^^M The Civil Day. 

^^^M Aatronomere eommence the day at mean noon, ootmtd] 

F through 24'' to the next mean noon. Theirdaj is 12* behind 

I the civil day in general use, which is supposed to begin at the 

■ midnight preceding, and is divided into two intervals of 12" 

^^^^^ each, distinguished as nnU meridiem or a.m., and^osC meridiem 
^^^^M or F.u. Thus, 4 o'clock a.h. of October 15'' civil time, is the 
^^^^F Bamo as October 14'' 16'' astronomical time. From noon to 
^^^^ midnight the civil hour agrees with the astronomical. 

In its general acceptation the word day is applied to the 
space of time during which the Sun is above the horizon of a 
place, while niglit is the remainder of the 24''. Some nations 
still reckon their time by the rising and setting of the Sun, 
and the custom was almost universal in former ages ; the third 
^^^^ hour of the day was then the third hour after sunrise, and 
^^^^L the fourth hour of the night was the fourth hour after sun- 
^^^H setting. 

^^^V Length of the Tear — Tkt Sidereal and Tropical Tears, 

^^^1 The Earth's revolution round the Sun, or. which amounts to 

^^^P the same thing, the apparent revolution of the Sun in the 
^^^ ecliptic, marks the length of the year. 

The interval of time elapsing from the moment when the 
Sun leaves a fixed star until bis return to it aguin, is called a 
gid^eal year, and consists of 365'' & Q" 9' mean solar time. 
This is the length of time occupied by the Earth in performing 
(me complete revolution about th^ Sun, 
^^^ The tropical, or mean solar year, is the time intervening 

^^^L between two successive passages of the Sun through the same 
^^^H equinox or tropic. These points recede upon the ediptic from 
^^^r east to west, and the apparent motion of the Sun is from west 
I to east ; 80 that he must necessarily complete a whole revolu- 

tion, with respect to the equinox or tropic, in less time than 
he would tetum to the same fixed star, because these points in 
the course of the year have gone back to a certain extent to 
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meet him. Hence the tropical year is shorter than the sideroal 
jear, and differs there£rom by the time the 8un requires to 
describe a space of 50 seconds in longitude, which ie the 
amount of the annual precession of the equinox. It is found 
to consist of 365^ 6'' 48" 46" moan solar time. 

The tropical year diminishes in length at the tate of 
about sis-tenthn of a second in a ■century ; it is consequently 
shorter now than in the time of Hipparchus by about twelve 
seconds. 

The Julian and Oregorian, Styles. 

The tropical or mean solar year does not consist of a whole 
number of mean solar days ; on the contrary, we have just 
seen that there are 365 such days and 5° 48°' 46' over; or, 
expreeaing the length of the year in days and decimal frac- 
tions, it will be 365'24225 days. A hundred years of 365 
days each (making 36,600) would therefore be more than 34 
days in defect of 365 revolutions of the Sun with respect to 
the equinox. To set this right, it was decreed by Julius Caaar, 
at the instance, or with the previous aid of Sosigenea, an i 
astronomer, that one day should be intercalated or added every , 
fourth year, making 25 days extra in the century. 

The fourth year, consisting of 336 days, was called hitsea- 
tile or leap-year, the day added being assigned to the month 
of February. A century so reckoned contains 36,525 days, 
■riz. 75 common yeare and 25 leap-years; hut that number of 
days still differs from the actual length of time occupied by 100 
tropical revolutions of the Sun ; and although its deviation 
therefrom is less than one day in a single century, after a much 
longer lapse of time it becomes of course greater in magnitude 
and importance. 

In the sixtoenth century, about ten days having been gained 
on the Julian mode of reckoning, another alteration was made 
by Pope Gregory XVI, in 1582, which has been adopted by 
every civilized country in the world, Rossia alone escepted. 
The improvement, for such it is, consists in making those only 
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of the secular years leap-years which are divisible by four 
without a remainder ; thus 1600 has 366 days, or is a bissex- 
tile year, while 1700, 1800, and 1900 have only 365 days, or 
are common years. This is called the Gregorian or New Style, 
to distinguish it from the former, which is termed the Julian 
or Old Style ; its adoption leaves an outstanding error of less 
than 1 day in 3000 years. 

Were it not for such an adjustment of our calendar with the 
duration of the Sun's tropical revolution in the ecliptic, the 
seasons would not occur, as- they do now, in the same months. 
In one year we should have winter in December, and after a 
lapse of time in June. The Gregorian correction removes the 
occurrence of such a change in the aspect of the months to a 
very distant period. 

Distcmce of the Earth from the Sun — Progressive Motion of the 

Line ofAjpsides. 

Accurate observations, upon a method which will shortly be 
explained, have proved that the average or mean distance 
between the Earth and the Sun exceeds 95,000,000 (ninety- 
five millions) of miles *. 

. It is of the highest importance in astronomy that this 
number should be exactly known, because it is used in calcu- 
lations as a scale by which to estimate planetary distances ; 
Bnd if we have not the accurate distance of our own globe 
from the Sun, we cannot find that of any other planet with 
precision. 

.We have seen that the Earth's distance from the Sun is not 
the same at all times of the year ; the fact is, she is nearer to 
that luminary at Christmas than at midsummer by 3,200,000 
miles ; for (see fig. 6) the point p, where the Sun is in perigee, 
corresponds at present to the 10th degree of the sign Cancer, 
or 100° of longitude, which the Earth occupies about Decem- 
ber 31 ; and the point a, where the Sun is in apogee, is conse- 

* More accurately, 95,370,000. 



THE MOON. ,35 

qnently iii the 10th degree of the opposite sign Capricomus, or 
280° of longitude, which is the Earth's position at the begin- 
ning of July. We do not perceive any increase of heat in 
these latitudes from the greater proximity of the Sun at 
Christmas, because the north pole is then turned from him, and 
his rays therefore fall very obliquely on the north temperate 
zone. 

Yet the Sun has not always been nearest to the Earth at 
Christmas. The line joining the perihelion and aphelion in the 
Earth's orbit, which is the longest diameter of her ellipse, and 
is termed the line of apsides, does not retain one constant 
direction, but slowly shifts its position along the ecliptic in the 
order of the signs. Its motion, however, is so slow, that since 
the creation it has travelled over little more than a fourth part 
of its journey, and wOl require 21,000 years to complete a 
whole revolution in the ecliptic. About the middle of the 
thirteenth century the Sun's perigee exactly coincided with 
the winter solstice. About a.d. 6485 it will correspond to the 
vernal equinox, and the Earth will then be nearest to the Sun 
in March. 

The progressive motion of the line of apsides causes a slight 
change in the lengih of the seasons in successive ages* 



THE MOON. 
Her Revolution round the Earth, 

The Moon is one of the secondary planets or satellites, and 
revolves about her primary the Earth while the latter is 
travelling round the Sun. Her apparent course amongst the 
stars is from west to east, like that of the Sun. 

A complete revolution of the Moon about the Earth occu- 
pies 27^ 7^ 43"*, which ia the time intervening betwe'en her 
departure from a fixed star, and her return to it again : this is 
Called the sidereal revolution. 

d2 
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The M(Km requires a longer interval to go through a revolu- 
tion with respect to the Sun, because his apparent place in the 
heavens advances considerably in the apaee of 27'' 7'' 43™, and 
she haa so much further to travel before overtaking him. 

When the Moon has the eame longitude as the Sun, and ia 
consequently between that body and the Earth, she is said to 
be is conjunction mth the Sun ; and when aho appears in the 
opposite part of the heavens, having the Earth between her 
and the Sun, she is in opposition to him. The terms eonjuno- 
tioa and opposition are nsod by astronomers in relation to 
other heavenly bodies besidGS the Sun and Moon. At either 
of the two points at equal distances from conjunction and 
opposition, and therefore differing 90° or one-fourth of cir- 
cumference, the Moon is said to be in quadrature. 

The interval between two conjunctions in which the Moon 
ooinpleteB her revolution with respect to the Sun, is called her 
»t/nodleal period, and is found to consist of 29^ 12'' 44". 

The path described by the Moon about the Earth is not 
edtnate in the plane of the ecliptic, but is inclined thereto 
rather more than 5°, 



ZHstanee of the Moon from the Earth — Her true Dhnteter. 

The Moon is by far the nearest to ns of all the heavenly 
bodies, her average diatonee not exceeding 239,000 miles ; 
but owing to tbe elliptic form of her orbit she is sometimes 
13,000 miles nearer than this, in perigee, or further, in apogee. 

Tbe distance from the Earth to the Moon is therefore 400 
times less than that separating our globe from the Sun. 

The Moon is ranch less in. magnitude than the Earth, her 
diameter being only 2160 miles. It would require _^_/^!^ globes 
of the size of tbe Moon to make one as large in bulk ae the 
I Ilarth. 

Phases of ike Moon. 

By the phases of the Moon are understood the vaiions 



figures which her iUuminated portion aasames in the couree of 
her journey round the Earth. 

The Moon is globniar or spherical in form, and, like orery 
other planet, primary or secondar_y, derives her light &am the ' 

To explain the succession of phases presented by our satel- I 
lite, suppose, in fig. 11, x c f n to represent the orbit of ths 




Moon about the Earth at k, the Sun being situate at s ; only 
one half of her surface can receive the Sun's light at the same 
time. The line mn, which is perpendicular to one joining the ' 
centres of the Earth and Moon in each position of the latter 
(at A, B, c, n, &c.), defines the hemisphere which is visible to 
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the inhabitants of the Earth. Now, if the Moon is at a, 
between the Sun and our globe, the whole of her enlightened 
hemisphere is turned away from us, its limit corresponds with 
m w, and the Moon is invisible, except on certain rare occa-« 
sions, to which we shall presently refer. She is now in con- 
junction with the Sun, and it is said to be new moon : another 
journey round the Earth is jast commencing. 

Next, suppose her to have advanced to b, where she is seen 
in the evening sky after sunset, a short distance from the west 
horizon (her apparent motion in the heavens being from west 
to east), here p q divides the illuminated half of the Moon 
from the dark hemisphere, while m n, as before, is the limit 
of her visible surface ; but in this position, part of the enlight- 
ened hemisphere from qtonia within the visible portion, and 
she assumes the appearance given at h. 

Continuing her eastward progress round the Earth, the 
Moon reaches the point c, when the lines p q and m n are 
perpendicular to each other : the visible portion limited by 
m n is now half light and half dark ; our satellite has con- 
sequently the form of a half-moon, as represented at c. Her 
angular distance from the Sun, called by astronomers her 
elongation, is here equal to one-fourth of the circumference, 
or 90° ; she is in quadrature and at the first quarter. 

On arriving at n, a further extent of the illuminated surface 
will have come into view, the only dark part in the visible half 
lying between m and q, while a much greater breadth of sur- 
face, from 5^ to n, is in sunlight. The enlightened part is 
therefore greater than a half circle ; and when this is the case, 
the moon is said to be gibbous, as at d. . 

Next, we will suppose our satellite to have arrived at f, 
where she passes the meridian at midnight, for we then see her 
in the opposite part of the heavens to that which the Sun occu- 
pies ; in other words, she is in opposition to the Sun : the lines 
mn and p q again coincide, so that the visible and illuminated 
hemispheres exactly correspond, and we have a wholly en«- 



lightened oifalJ moon, as at/. She has now completed half 1 

a revolution round tho Earth, and in the mean time presented ] 

every variety of form, from the slender crescent as she receded J 

from A, to the perfect circle at f. I 

During the last half-revolution, irhile travelling from s ] 

through H to A, the same phases -vriil he retraced. At g the ] 
Moon is again gibbous, at H a lalf-moon and in her Intt 

quarter or quadratmo, heing 90° from the Sun towards the ] 
vest, and at i assumes once more the crescent shapo in the 
morning heavens. But it is nocoasary to observe that, as the 
illuminated side ia always that which is turned towards the 
Sua, we now have the dark part on the west side, whereas 
before it was towards tho oast. Between i and i the oreacent 

becomes less aod less until it ia lost altogethernear the eastern I 
horiioa, shortly before aunrise. 

From what has been said above, the learner will easily dis- J 

cover that the phases of the lEoon recur in tho samo order, in I 

the space of a synaiieal revolution, occupying SG"* 12'' 44", I 

which we have already defined to bo the interval elapsing from 1 

the moment when the Moon leaves the Sua, until her next 1 

retam to hiiu. ■ 1 

The term gibbous is one applied generally to the figure of a 1 

heavenly body when its visible surface is less than a circle bat I 
greater than a semicircle. 

Eclipses of the Sun and Moon. 1 

We have before remarked that the orbit of the Moon doeB I 

not lie exactly in the same plane or level as the Earth's, hut ia I 

inclined thereto at au angle of rather more than 5°. The two j 

poiute where her path iutersects the ecliptic are called the ' 
iwdta, and the line joining those points is termed the line of 
nodes. When the Moon crosses the ecHptic passing from tha 

south to the north side, she is ia her ascending node ; the I 

opposite point of longitude, where she crosses it from north to 1 

aouth, ia called the deKending noi3e. '. J 
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Although to a caBoal observer there U scarcely any appre- 
dftble diiFerence between tte ajiparent sines of the Sun tmd 
Uoon, yet, as al! objeota seem larger the nearer they are to ua, 
the varying distances of these luminaries must clearly give rise 
to some change in their diameters, though it may be too small 
to be easily detected without suitable measuring- instrumente. 
Such is found to be the case ; the Sun's diameter altera slightly 
during the course of the year, according to the poeition of the 
Earth in her elliptical orbit ; while the Moon's variea more 
rapidly in her monthly revolution about our globe. It thus 
happens that when the Moon is in perigee, her apparent 
diameter exceeds that of the Sun, and falls short of it when 
she is in apogee. 

Now, if the Moon should pass through either node at op 
near the time of conjunction, or n&w moon, she must neces- 
sarily come between the Earth and the Sun, for the three 
bodies will he in the same straight line. To certain parts of 
the earth the Sun may be wholly or partially hidden by the 
intervention of the Moon, according to the apparent diameters 
of the two luminaries at the time, and their exact coinci- 
dence or otherwise : hence arises an ecl^^se of the Sun. 

The Earth and Moon, being opaque bodies illuminated by the 
Bun, must both cast a skadow into space. The Earth's shadow 
extends far beyond the orbit of our satellite. The Moon's is 
much less: in perigee it extends as far as her distance from 
the Earth, but in apogee falls something short of it. 

If the Moon, at or near the time of opposition, or full moon, 
should pass through either node, she will be, as before, in the 
same line as the Earth and Sun, and, in the present case, in- 
volved in the shadow of the EarCfi. An eclipse of the Moon 
will take place, the Sun's light being cut off by the interposi- 
tion of our globe. 

Eclipses, whether of tlie Sun or Moon, can only occur near 
the nodes, because at all other times the distance of tlie Moon, 
from the ecliptic (or her latitude) causes her to pass above a 
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below tie Sim at conjunction, and north or south of the E 
shadow at opposition. Wherefore, notwithstanding the 1 
mnst croaa the ecliptic nt the node about twcuty-five times in I 
eveiy year, it will commonly happen that she id not, on those I 
DCCBsions, in the same line as the Earth and Sun, and conse- I 
quently eohpaes are of less fiequent occurrence. There caa I 
never happen more than seven eclipses in the course of a year, I 
nor fewer ihan two. 

An ecUpse of the Sun can take place only at New Moon, and | 
a lunar eclipse only at the time of Full Moon. 

Total, Annular, and Partial Eclipnes of the Sun. 

We proceed to expkin more particularly, with the aid of .1 
fig. 12, the nature of a solar eclipae, 

Suppose s to be the position of the Sun, s the Eartti, and 
u the Moon at conjunction, and therefore between the Earth 
and Sun. We wiU first consider the case when the Moon is 
in perigee, or at her least distance from our globe. Her dark 
shadow falls upon its surface at a I, and within that space the 




Pig. 12. 
Snnwill be entirely obBCOied from tie inhabitanta by the dark 
body of the Moon: a total eclipse of the Sun takes place. 
The breadth of this space (a h) is never very lai^e, averaging 
from 130 to 160 English nules only. The points a and b, 
when lines drawn through the borders or limbs of the Sun and 
Moon (aa astronomers term them) fall upon the Earth, ore the 
northern and southern hmits of the total eclipse. Prom a to e 
on one side, and from J to rf on the other side of the dark 
shadow, a part only of the Sun's disc will be covered by the 



n 




^^^H opaque body of the Moon ; and within these spaces a partial 

^^^F eclipse takes place, e and d martdng its north and south limits 

^^^^ respectively ; for at e, the south limh of the Run 7i will be just 

t in contact with the northernniDat point of the Moon at i ; and 

I eimilarly at d, the north Emb of the Sun g will appear to 

touch the south edge of the Moon at k. At c tho Moon passes 

below the Sun's disc, and at d above it. Beyond these jwints, 

from c to «, and from d to/, no eclipse can happen, nor, it is 

t plain, can any part of the phenomenon be seen by the inha- 
bitants of that aide of the Earth turned away from the Sun, 
and which have consequently night, as shewn la the shaded 
part of the figure at E. 
Nest, wft will suppose the Moon, at the time of conjunction, 
to be in apogee, or furthest &om the Earth ; in this case her 
apparent diameter is less than the Sun's, and the dark shadow 
falls short of the Earth, aa at I (fig. 13). Under these cir- 




cumstanoeB a total eclipse cannot occur, Midway between the 
points a and b, where the aides of the shadow extended meet 
the Earth's surface, a portion of the Sun's disc near its borders, 
from g to m and from A to n, will remain unobscured, while the 
central parts are covered by the Moon, The visible part of the 
Sun has then the form of a ring or anmilus ; and hence this 
appearance is termed an armiilar eclipse. The whole of the 
Moon's opaque body is seen projected as it were upon the Sun's 
disc (fig, 14). At the point a, which is the northern limit of 
the annular phase on the Earth, the south hmb of the Moon 
at Jt will appear to coroe in contact with the Sun's south 1^ 




mt A, and the edipse will have the ; 
At b, the southern limit of the eam 
of the Sun and Moon will coincide, 
and the eclipse will be seen as in 
fig. 16. From a to e and from li 
tod,apflr-fiai eclipse will be visiblo, 
less and less of the Sun's di&c 
being corered by the Moon as wo 
recede fi^m a and b, until at o 
the south limb of the Sun 7s ia iai 
contact wiih the north Hrab of the 
Hoon at i, and eimilarly at (/ tho 
north hmb of the Sua g corre- 
sponds with the opposite one of 
the moon k. Beyond c and d no 
eclipse takos place. These points 
are determined b v lines drawn from 
h through i, and from 3 through k, 
to meet the surface of the Earth ; 
labile the north and soutli limits 
of annular phase, at a and b. ar« 
defined by linos drawn from A 
through k and from g through i, 
to the Earth's surface as bel'orB. 
The inhabitants of the shaded 
hemisphere, on tho right of cf. do 
not have the 81m above their 
horizon during the eclipse, which 
therefore takes place while it is 
night in those parts of the globo. 

A total or annular eclipse of tho 
Sun is of very rare oeeuiTenoe at 
any particular place. The belt of 
the Earth's surface covered by the 
shadow in a total eclipse seldom 
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^^^H esceeda 2° in breadtb, or about 140 English miles; and eon- 
^^^K sequent!; it will seldom happen that the aame plaoe is in- 
^^^M eluded vithio the tracks of any two eclipses following each 
^^^1 other at a short interval. In London, for instance, there has 
^^^F been no totiil eclipse since the year 1715, and more than five 
^^^^ and a half eenturiea had then elapsed since the previoua one. 
r The last annular eclipse vjaihle in this country occurred in 

I October 1847. 

The longest posaihle daration of a total solar edipse extends 
■ only to seven minutes, and of an aiiiiuluT one to about nine 

minutes. 

A total eclipse of the Sun is one of the most terrible phe- 




Fig. 17. 
a that man can witness ; the unnatural appearance of 
the eajth and heavens during its continuance are such as to 




impreBB the mind with the deepest awe, and have produced 1 
groat terror amougst the ignorant in all ogee. Aroimd the 
Sun himself a beautiful circle of light called a corona is visible 
while the Moon passes before him ; and promineucea, or flames, 
as they are often termed, of a bright rose-red colour make 
their appearance at different points round the border of the 
dark moon. The corona ia believed to be an atmosphere of 
the Sun, rendered viaible by the intervention of our satellite ; 
the red projections are also known to be in some way con- 
nected with the physical constitution of the solar globe, though 
at present their precise nature is not imderstood. In the total 
eclipse of July 1851, a very remarkable red "flame" was 
observed ; it was shaped like a Turkish scimitar, strongly 
coloured with rose-red at tlie borders, but paler in the centre. 
Occasionally the " flames'' have been seen quite detached from 
the 6un, appearing like rose-coloured clouds, suspended in his 
atmosphere. 

In the eclipse of July 1S60, our countryman, Mr. Be U | 
Bue, Bucceeded in photographing the prominences at the ] 
beginning and ending of totality, and obtained the most o 
elusive evidence that they belong to the Sun. 

Eclipses of the Moon. 
IS. B represents the Sun, e the Earth, and a, h, c, d 



-dl 



Ffg, IS. 
different positions of the Moon in her orbit about the time of 
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her opposition. The Earth is now between the Sun and Moon, 
and will therefore throw her shadow in the direction of the 
latter body. Now, if we draw lines through the upper and 
lower edges of the Sun on the figure at g and h, passing re- 
spectively through e and /, the upper and lower points on the 
earth, and continue these lines to Ar, the space covered by the 
dark shadow of our globe wiU be that included within the lines 
e Tc sjidfJc, as shown in the darkly-shaded part of the engra- 
ving : the form of the shadow is that of a cone. 

Again, if we draw other lines hed and gfa from the Sun's 
upper and lower points, touching the opjfosite sides of the 
Earthy and continued to the Moon's orbit, we have two other 
spaces within which di portion only of the Sun's rays are cut 
off by the intervention of the Earth and a fainter shadow 
thereby produced. 

A lunar eclipse begins when the Moon arrives at the point 
a ; she then enters the lighter shadow, called by astronomers 
i^e penumbra* y and at this moment her^s* contact with the 
penumbra takes place. At b she encounters the dark shadow 
of the Earth, frequently terined the umbra, and at this point 
we have thejlrst contact with the dark shudow. If the Moon's 
course lies nearly through the centre of the umbra, she will 
be totally eclipsed while moving from 6 to c; for within that 
space no sunlight can reach her surface, owing to the interfe- 
rence of the Earth ; but if, on the other hand, her path be so 
far north or south of it as to cause only a part of her globe to 
be included within the conical shadow, she will be partially 
eclipsed while journeying from b to c, the greatest degree of 
obscuration taking place on her arrival at i, which point is the 
middle of the eclipse. At c the last contact with the darJc 
shadow occurs, and at d the last contact with the penumbra, 

* From two Latin words — pene, almost^ and umbra, a shadow. The 
phrases, " first contact with penumbra," &c., printed in italics, are met 
with in the common almanacs; and hence it is desirable the learner 
should folly understand their meaning. 
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Tha almanacs fiirnieh the calcukied moments when the moon | 
arrivea at the points a, h, c, d ia every eclipse. 

Whether a lunar eclipse will ho total or partial deponda 
upon the clistancc of our Batellite from her node at the time of 
full moon, when she ia at the point i ; for the Earth's shadow 
where it is traversed by the Moon, does not extend more than 
1 j lunar diameteis above and helow the plane of the eoliptie ; 
whereas the Moon, except she be very near her node, may 
pass considerahly farther north or south of the echptic, and J 
only a portion of her disc he included within the Earth's \ 
shadow. 

An eclipse of the Moon, whether total or partial, is visible 
to the whole of that hemisphere of the Earth which is turned 
towards the luminary at the time ; hence it is seen over a for 
greater extent of surface than an eclipse of the Sun. In 
those parts where it is about mi<lnight at the middle of the 
echpse, the Moon will ho near the meridian, and other places 
where the night is just beginning or ending, will have her 
nearer the east or west horinoa respectively. So it will happen 
that while the inhabitants of sora,e districts witness the eclipse 
thronghout its continuance, those of other regions on the earth 
will see merely its beginning, and others again only the ter- 
mination. 

The Moon may remain within the Earth's dark shadow, or"! 
in other words, a fofal ecEpse may lost, more than 1" 40" 
and the interval between the first entrance into the penumbra 
and final departure from it may extend to about 5^ hours. 

In most eclipses our satellito does not disappear even when 
deeply immersed in the Earth's shadow, but may still be seen 
through the telescope and often with the naked eye, of a deep- 
red or coppery colour. Sometimes, however, it has been recorded 
that no trace of her romaincd ; she has entirely vanished alter 
entering the dark shadow. These varying conditions are < 
accounted for by the different states of the earth's atmo- j 
sphere. 



1^ 

^^^^1 , Periodieal Recurrence of EcUpseg — Ancient Eclipses and thevr 

^^^H vse in Chronology. 

^^^P The nodes of the Moon's orbit, which we have before ox- 

^^H plainod to ho the two points where it croRses tiie Esrth's path, 

^^^f are not Btationary, but move backward, or contrary to the 

) order of the fligns, at the rate of about 1 9° annually, completing 

a revolution round the ecliptic in 18' 219'' nearly. The Moon 

performs a revolution with respect to the node in 27* b^ 6" ; 

that is, the interval between two successive pasaagee of the 

luminary through the same node amounts to this period : it ia 

termed a synodieal revolutwn of the node, and must be care- 

' fully diatinguished from the synodlcnl revolution of ike Moon, 

I which is quite another thing. It is shorter thaa the latter, 

because the backward motion of the node upon the ecliptic 

h brings the Moon into contact with it before she comes again 
into eonjimction or opposition. It has been shown already 
how the oeeurronce of eclipecs depends upon the position of 
the Moon with respect to her nodes ; it now remains to point 
out one remarkable effect of their gradual retrocession upon 
the ecliptic. 
The Moon advances from one conjunction or opposition to 
another in 29'' 12^ 44" — her synodieal period; 223 such 
periods will amount to 6585^ days. But nineteen synodieal 
revolutions of the node are completed in 6585J days, which 
I nearly agrees with the 223 synodieal periods of the Moon. 

, It is not very difficult to soe the result of this close approxima- 

tion. 6585 days after one conjunction or opposition, the Moon 
j irill again be at the same point, and the Hne of nodes wiU be 

BO nearly in the same position, that if an eclipse took place at 
I either conjunction or opposition, it must occur again, and under 

similar, thoi^h not precisely the same, conditions. Thus it 
I happens, that eclipses do occur every 6-585 days in very nearly 

I the same order aa before. The ancient Greek astronomers 

were folly aware of this circumatance, and distinguished the 
period under the name Saros. 
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Eclipses natnrallj' attracted the attention of mankiiid at a 1 
very remote period ; there are now extant observationB of ] 
three eclipses of the Moon, ohaetved hy the Chaldeans 720 
years before the Christian era, or more than 2500 years ago; 
they are recorded hy the Egyptian astronomer Claudius 
Ptolemy, and occurred in the reign of Mardokempodius, king 
of Babylon, not long after the foundation of Rome, and ahont 
the epoch when Isaiah is supposed to have prophesied. These 
and other anoiont eclipses of the Moon, of which we have tl 
particulars, have rendered eminent service to astronomers 
atudjTng the laws that regulate her motion. 

The earliest eclipse of the Sim on record is one said to ha' 
been predicted hy Thales, the celehratcd philosopher, and now 
believed to have taken place on the 28th of May, 585 years 
before Christ. The armies of Media and Lydia were at the 
time engaged in combat ; hut the astonishment and awe i 
duced by the absence of the Sun's light were so great, that 
both aides threw down their arms and ooncludod a peaci? upon I 
the spot. The date of this singular occurrence has been mucl 
discussed, hut astronomy x^iats to that we have just given ai 
the most probable. 

Eohpaea are of great importance in chronology; for if any 
memorable event be connected with the mention of one of 
these phenomena, it may be, and often ia, possible to recover 
the true date. The siege of the ancient city Larissa, supposed 
to have occupied the site of Nineveh, was interrupted by an. , 
eclipse of the sun (a.o. 557) ; another is stated to have taken 
place when Agathocles, with his fleet, was passing from Syra- 
ouse into Africa to carry on the war against the Carthaginians ; 
and there arc many similar cases. The eclipse of Agathodes j 
has been satisfactorily identified with the one which happened I 
in August, A.c. 210. 



THE TIDES. 
Jhe alternate rise and fall of the waters of the ocean, which ' 



^^V so 

^^^B we call tbo tides, ia chiefly caused by tho attroctioa of tho 

^^^H Moon, whereby the eett is raised above its ordinary level at 

^^H tliose parts of the Earth's Burface iomiediately beneath her, 

^^^B and proportion ally depressed at others. Tho Sun likewise 

^^^1 exerciseB a Bimilar attraction ; but owing to the Moon's distance 

^^H &om the Earth being four hundred times less than that of the 

'^^H Bud, her influence is very for tho greatest. 

^^^^ In fig. lit tho Moon is supposed to bo at u ; her attraction 

^^^H laises the waters on the surface of the Earth e, at those parts 

.^^^^ which aro turned towards her, as at a, drawing them away 

P: "■■■""■■■■ 
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Fig. 19. 
But, singular as it may appear at first sight, the influen 
the Moon produces high water simultaneously at opposite parts 
of the Earth, liz. at a and c. To understand how this is, it 
mnat be home in mind that the attraction of a heavenly body 
diminishes as its distance increases, so that the waters at a, in 
those ports of the Earth nearest to the Moon, are more power- 
fidly afi'ected than tho central parts of the Earth at b ; and 
similarly, those central parts will be more strongly attracted 
than the waters on that side of the Earth opposite to the Moon, 
as at e. The result is, that while high water is produced at a 
hjr the direct attraction of the Moon, situate at m, high water 
is also caused on the opposite side hy the Earth itself being 
drawn away towards the Moon, more than the ocean at o, the 
watera in this ease being left leldnd, so to speak, to the ai 
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of the tide. To distmgaish the two, the tide at a is called the 
superior, and that at c the inferior tide. 

These remarks will apply equally weU if we suppose m to 
be the Sun ; but the attraction of this luminary being less felt 
than that of the Moon, the waters are not so much disturbed, 
or the solar tide falls far short of the lunar one in elevation. 

The influence of the Moon upon the waters of the ocean is 
not instantaneoiLS, but requires a certain time to produce its 
greatest effect ; hence it happens that high water occurs, not 
when the Moon is exactly on the meridian of a place, at which 
instant it is nearest to it, but some hours later : high water, 
or the tide, is, in other words, caused by a great wave raised 
by the Moon's attraction, and following her in her apparent 
progress round the Earth. 

When the Sun and Moon act upon the seas in the same 
direction, the tides are highest, and when the luminaries are 
90^ apart, or differ about 6*^ in the time of passing the meridian 
of a place, the tides are least, because the Sun's attraction is 
then exercised against that of the Moon. The highest tides, 
therefore, occur after new and foil moon, and are termed 
spring tides ; and the lowest, after the quadratures or first and 
last quarter, and are called neap tides. 

Eigs. 20 and 21 wiU serve to impress upon the memory the 
cause of the variable height of the tide in different relative 
positions of the Sun and Moon. In fig. 20 the Moon is in 
conjunction with the Sun ; both bodies attract in the same 
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Kg. 20. 

direction : the solar tide is consequently added to the lunar 
one, and the two united produce the greatest possible disturb- 

e2 
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ance upon the waters of the ocean, raising them up to their 
highest point at a and c, and diminishing them as far as pos- 
sible at h and d. The same effect follows if the Moon is in 
(position ; in either case we have spring tides. 





c Fig. 21. 

But if the Moon be in quadrature, as at k, fig. 21, her 
attraction raises the water at a, c, and diminishes them at h 
and d, while the Sun, on the contrary, raises them at h and d, 
but draws them away from a and c. The Moon's action being 
strongest, it is still high water at a and c ; but the tide at these 
points is the result of the Moon's influence diminished by 
that of the Sun ; the difference between the high and low 
water is less than in the former case, and we have a, neap tide. 

In the interval between two successive pswsages of the Moon 
over the meridian of a place, called a lunar day, it is twice 
high water and twice low water. The lunar day averages 
24^ 50™ ; it is necessarily longer than the sidereal day, owing 
to the motion of the Moon in her orbit, through which the 
Earth's meridian has to travel round some distance (about 13°) 
over a complete revolution in reference to the stars, before our 
satellite is again overtaken. 

In the lapse of about 24^ 50", the tide goes through the 
following changes : — shortly after the Moon's transit over the 
meridian, it is high water, then it begins to decline, and con- 
tinues falling rather over 6 hours, when low water occurs; 




after a short rest the waters are again elevated for anoffier 
period of 6 hours, at the expiratioii of which there is Eilso high 
water, our satellito hariiig passed the mondiau 
side of the Earth; another brief rest follows, the tide again 
Bubsides for 6 houra more, and there is low water for the 
second time ; during the rest of the lunar day the seas are 
rising, until at the end of the 24'' 50" wo have again high 
water. Sometimes the interval hetwcen two suecossive times 
of high water is shorter than half the lunar day, at others a 
little longer. 

We see that the waters are high when the Moon ia near the 
meridian, and low when she ia in the vicinity of the horizon. 
From high to low water, the tide is said to ebb ; and from law 
to high water, it is said to Jiaw. Mood and ebb tides are 
synonymous terms for high and low water. 

On an average, it ia found that the spring tido is higher than 
the neap in the proportion of seven to three ; wherefore, at 
new and full moon, the sea rises, on an average, more than 
twice the height that it does at cither first or last quarter. 
When the waters rise liighest, they fall the lowest, and when 
they are least elevated at high water, they recede also the 
least ; this is in consequence of the united action of the Sua 
and Moon, which cauaes a great riae and fall at the sprinffi 
tides, and a comparatively small one at the neaps, as we havol 
already seen &om figs, 20 and 21. 

Kitherto reference has been made only to variation in the 
relative posiliona of the Sun and Moon in connexion with the 
tides; hut there are other astronomical conditions tending to 
vary the amount of disturbance upon the ocean at difiToront 
times. Thus the Moon's action is strongest when aho is nearest 
to the Earth, and sensibly less when moat remote from uB. 
Hor declination or distance nortli or south of the equator has 
also a very material influence on the height of the tides; and 
the same remark will apply less forcibly to the Sim. 

Besides the astronomical cauaes operating to vary the height , 
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of the tides, they are affected greatly by local and other cir- 
cumstances, which render the prediction of the times and 
height of the tides liable to considerable uncertainty, particu- 
larly as regards the latter. Violent winds, for instance, blowing 
up the river Thames on those days when the spring tides 
occur, have frequently caused so great an influx of water, as 
to be productive of serious injury to property in London; 
whereas at other times, under the same astronomical condi- 
tions, but without a gale of wind, the elevation of the water 
in the river is comparatively moderate. In the Mediterranean 
and Baltic, both inland seas, the tides are scarcely appreciable, 
for the inlets to these seas are so narrow, that the ocean has 
not time to fill them with the tidal wave, before the attraction 
of the Moon is reversed, or tends to make the waters ebb. 
But on some parts of the Canadian coast the tides rise seventy 
feet and upwards. 

The highest spring tide in London is usually the third or 
fourth after new or full moon. At Brest, on the French coast, 
it arrives 2S^ sooner. These differences are due to local agen- 
cies, and are quite independent of the primary action of Sun 
and Moon. 



REFRACTION. 



The Earth is surrounded by an atmosphere which extends 
several miles above the surface. Its limit is not accurately 
known ; but its density diminishes as the height increajses, and 
it is certain that the altitude of the upper regions of the atmo- 
sphere bears but a small proportion to the Earth's diameter, 
probably not exceeding ^^th part. 

Now, it is an established law in optics, that when a ray of 
light passes from a rare medium into one of greater density, 
it is deflected from its original course, and bent more and more 
towards the perpendicular, as the density of the medium 
traversed by it increases. A ray of light, therefore, entering 
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tbe Eartb'B atmoephere, and approaching the surface, coutina- 
a}lj eucounters a denser medium than that it has previonsly 
passed, and, when it reaches the eye of a spectator, will appear 
to oome &om a different directioa than the true one with whic^ 
it wtered the higher portion of the atmosphere. This phe- . 
a is called Befraetion. 




Fig. 22. 
To e^ldn the effect more partieularly, we shall have re- 
course to fig. 22, where e represents the Earth Biuroonded by 
its atmosphere. At the distance of the first circle, on which n 
is situated, the density of the atmosphere is for greater than 
at c, a point on the outer circle ; it increases gradually ftom 
the upper region of the air at c, towards the surface of our 
gbbe. Suppose a to be the true place of a star in the 
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heavens, and o the position of on observer ; the light of the 
star entering the higher region of the Earth's atmosphere at 
C where, though of extreme tenuity, it is denser than the 
Burrounding space, immediately begins to be deflected from its 
original course, and as it progresses towards the spectator 
becomes more and more so, until at o it will appear to have 
' proceeded from u, and the observer would refer the star to that 
point, though its real positioci is at a : hence the star is raised 
towards the zenith (z) by the distance from a to b, which is 
the amount of lefraction. 

It is thorefore obvious that in general we do not see the 
heavenly bodies in the positions they really occupy in space ; 
they are elevated in the vertical circle passing through the 
lenith, for refraction always acts in this direction, that is, in 
a plane perpendicular to the surface of the Earth. The stars 
are roost affected by it near the horizon, because their hght has 
then to pass through a greater ea:t«nt of the denser portion of 
the atmosphere, as would bo the case with a. star at n in the 
engraving annexed. On the contrary, at the zenith there is 
no refraction ; ita influence being always exercised, aa we have 
just remarked, in a perpendicular plane, the hght of a star so 
situated reaches the oye of the spectator in its true direction. 

The amount of refraction in the horizon is mther over 33', 
whence it diminishes far more rapidly at first than afterwards, 
until it disappears altogether at the zenith. Ha!f-w ay between 
this point and the horizon, its influence is to the extent of 
about 1' of arc. The refraction, however, is not always the 
same at a certain altitude ; it is affected by changes of tem- 
perature and of the height tif the barometer, which exhibits 
the degree of pressure of the atmosphere: the denser the 
ntmosphere, the more will the Hght of a star be deflected fi^m 
its true direction. 

The horizontal refraction exceeding 33' is greater than the 
average apparent diameter of the Sun or Moon (about 32^'), 
and consei^uently those lumLuarios appear to be wholly ahq 
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the horizon, when they are inrealityjusthelowit. The effect I 
<tf refraction is to hufiten the rising of the Sun and other [ 
hearenlj bodies, and delay their setting beyond the true n 
meuts ; and for this reason the length of day, from appareat ] 
Bunrise to eanset, exceeds its length independently of refrao- ' 
tion, by sevcfol minutes. 

The distorted form of the Son and lyioon when near the 
horizon is an effect of refraction, which ia not of the same 
amount at the upper and lower points of their discs : if the i 
lower edge be juat upon the horizon, it is affected by refraction j 
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to the extent of 33' ; while the upper edge, being 33' nearer 1 

to the zenith, only undexgoea a deflection of 29' ; and the ver- J 

tical diameter will therefore appear 4' lesa than the horizontal I 

one ; this givoa an oval or elliptic figure to the Sun and Aloon, i 
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whicli quickly vanishes as they rise higher in the sky, and 
approach those altitudes where refraction changes more uni- 
formly. 

Kefraction causes the astronomer no little trouble in his 
observations : it must be allowed for, before they are available 
for accurate purposes, and a perfect table of refractions is 
therefore a most important desideratum. Great progress has 
been lately made in our knowledge on this subject. 

Ptolemy of Alexandria, and other ancient observers of the 
heavens, appear to have remarked the eflfects of refraction on 
the rising and setting of the stars, which they suspected to be 
different in certain conditions of the atmosphere from what 
they were at others. Tycho Brahe is supposed to have first 
constructed a table with the amount of the correction at various 
altitudes. 



TWILIGHT. 



The glow of light after sunset in the western sky, and before 
sunrise in the opposite quarter of the heavens, which we call 
twilight, is caused by the refraction and reflexion of the solar 
rays from the Earth's atmosphere. 

After the Sun has descended below the horizon, his rays still 
fall upon the atmosphere, a^d the light is reflected therefrom 
to the Earth's surface by vapours prevailing at those altitudes. 
It becomes fainter as the Sun sinks lower, or accordingly as 
his rays attain only the higher strata of the air ; and when his 
angular distance below the horizon amounts to 18°, twilight 
ceases, because at that depression his light falls so far above 
the Earth, that there is no atmosphere of sufl3.cient density to 
reflect it again. 

The evening twilight is usually longer than that in the 
morning, — a circumstance probably to be attributed to the 
greater prevalence of vapour in the lower portions of the 
atmosphere after sunset than before sunrise. 
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In tiiis countrj^ in the latitude of London for instance^ 
there is, astronomically speaking, no night for a month before 
And after the summer solstice, about June 21st. The Sun is 
tlien on the tropic of Cancer, at a north declination of 23^°, 
in which position he never descends so much as 18° below the 
horizon, nor does this happen during the previous or subse- 
qiient month. There is consequently a continual twilight 
thionghout the interval. 

TtvUight is properly limited by the time which elapses from 
the moment when the Sun is actually beneath the horizon of a 
place, and his arrival at a depression of 18° below it. During 
the early part of this interval the reflected sunlight is so strong 
that, in ordinary language, it is still called daylight. The 
above is Ihe astronomical definition of twilight. 



PAEALLAX. 



The apparent positions of the Sun, Moon, and planets, as 
Tiewed from the surface of the Earth, are, in most situations, 
different from what they would be, could they be observed from 
her centre ; and in astronomical calculations it is necessary to 
take acconnt of the difference, because it is the Earth's centre, 
and not any part of the surface, that describes the annual 
orbit round the Sun. 

In fig. 24 suppose a to be the station of an observer at any 
place upon the surface of our globe, and e its centre. A planet 
at s wiU appear to the spectator at a in the direction a g, 
while, if it could be viewed from the centre, its direction 
would be in the line £ b ; it is therefore seen from a at a point 
in the heavens helow its position in reference to e. The in- 
clination of the lines a s and e s, which measures the differ- 
ence, is called the parallax of the planet. 

The effect of parallax is in all cases to depress the Sun, 
Hoon, and planets below the positions they would appear to 
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occupy from the Earth's centre, that is, it brings them nearer 
to the horizon. 

The closer a body is to the Earth the greater its parallax, as 




Fig. 24. 

will be manifest from a little consideration of the above figure, 
where, if we had placed the point s as near again to a as it is 
there given, the lines a s and e s would be much more inclined 
than they are actually dravm ; and on the contrary, if s were 
removed to twice the distance from a that it is in the figure, 
the two lines would be less oblique to each other than as they 
stand. Por this reason the distant planets have smaller par- 
allaxes than those nearer the Earth. The fixed stars appear 
in the same situation from whatever part of the Earth they 
may be viewed, which proves their distance from us to be very 
great. 

The effect of parallax upon the Sun, Moon, or a planet, 
varies also according to its position with respect to the observer. 
If the body be in his horizon, as at p, the effect is greatest, 
and is then called the horizontal parallcuv, which is, in fact, 
the measure of the Earth's semidiameter a e, as seen from the 
body at p. Thus, the Sun's horizontal parallax is the angle 
subtended by the Earth's semidiameter at that luminary. K 
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tiie body be situate in the zenith, there ia no paralkx ; and it 
wonld be Tery Bmall at a point near the zenith ; at d, for ex- 
ample, the lines a d and e d nearly coincide. i 

WMIb tho effect of refraction is to raise aa object in the 
vertical circle pasaiog through the zenith, parallax depresses it 
in the same. 

The signification here given to the term * parallax,' is not its 
only acceptation. "We have remarJted that the stars exhibit 
no appreciable change of place ftom whatever part of the 
£arth they may be viewed. They are so remote, that it is 
impossible to discover the smallest difference in their positions, 
whether seen from London, for instance, or from its antipodes. 
In the hope, however, of detecting some such change, which 
■would afford an indication of the actual distances of tho stars, 
aatronomers, instead of adopting the Earth's diameter, which 
ia not qnjte 8000 miles, as their measuring-line, have rccoiirso 
to that far greater alteration in tho position of the observer 
arising from tho Earth's revolution round the Sun ; and by 
observing the stars at opposite points in her orbit, which will 
be separated by no loss than 190 miliiona of miles, they can 
ascertain what influence this enormous change of station has 
upon their apparent places in the beavens. Yet even with this 
distance as a measuring-lino, they have failed to discover any 
Benaible variation in the positions of the stars, except in a very 
few cases, which will be noticed in the sequel. 

The alteration in the place of a heavenly body arising from ' 
the diurnal motion of the Earth upon her axis, which brings , 
it into different directions with respect to the observer, is 
Bometimea called the (fiurnal parallaj; ; and that much smaller 
change of place remarked in a few of the stars, which is due 
to the annual motion of the Earth round the Son, is called the 
amtwal parallax. More frequently astronomers use the term 
parallax without any qualification ; but if it be applied to the 
Bun, Moon, or planets, it means the difference between their 
places as Been from the Earth's centre and a point upon tho 
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snrfiice ; while, if the word be used in reference to the stare, it 
espreeses the minute variation ia thoir positions, according as 
they are viewed from one aide of the Earth's orhit or the other. 



THE SOLAE SYSTEM. 

The Sun, with his attendant planets, primary and secondary, 
and that numerous elasa of nebulous or cloudy-looking bodies, 
only occBsioaoUy Tisilile to us, termed comets, form together 
what is called the Solak System. 

The motions of every member of this system are in accord- 
ance with the laws of gravitation, as expounded by Sir Isaac 
JTewton. 
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Of the planets it may be observed that they have many 
characteristics common to them aU. 

(1.) They move in the same invariable direction ronnd the 
Sun ; their course, as viewed from the north side of the ecliptic, 
being contrary to the motion of the hands of a watch. 
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(2.) They deacribo oval or elliptical paths about the Sun, 
not, however, differing greatly from circleB. I 

(3,) Thoii orbits are moro or leas inclined to tho ecliptio, i 
and intersect it in two points, which are the notfes, one half | 
of the orUt Ijing north, and the other half sonth of the Earth's i 
path. 

(4.) Thejr are opakc bodies, like the Earth, and shine by 
reflecting the light which they receive from the Sun. 

(5.) They revolve npon their axes, in tho some way as the 
Earth ; thia we know from toleigeopic observation to be the 
case with many planets; and by analogy the rule may bo | 
extended to all. Hence they will have the alternation of day 1 
and night, like the inhabitants of the Earth ; but, as wo shall I 
presentiy see, their days are of different lengths to our own. I 

(6.) Agreeably to tho prineiplea of gravitation, their velocity 1 
is greatest at those parts of the orbit which he nearest to tho 
Sun, and least at the opposite parts, which are most distant 
from him ; in other words, they move quickest in perihelion, 
and slowest in aphelion. J 

Ajoparmt Motions of the Planets : their conjunctions, greatettM 

elongations, siationaiy points — Heliocentric and Geocentrio I 

places — Synodic revolutions. I 

To a spectator placed upon the Sun tho whole of the planets, I 

inferior and superior, would be seen to follow their true course I 

round that body in the order of tlio signs of the zodiac. Any I 

diminution or increase in their velodtiea that might be noticed I 

would bo owing to an actual diminution or increase in their I 

rates of progress ; in short, all the appearances presented to I 

the observer would be real. I 

It is very difficult when, as in our own case, the planets are 4 

Been from a globe which is itself in motion round the Sun. They 

do not always appear to us to be following the course in which 

we know they must be moving. Hence it is important to trace 

out and carefully distinguish those changes which are merely . 
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apparent, depending on aa alteration in the positioi 
spectator, combined with the true motion of the f 
epacc. 
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Pig. 26. — Apparent pul.h of the planet Mcrcurj amongat the st 
during a whole rcFuluIion in lf«l. 

The apparent motions of an inferior planet differ greatly 
I from those of a superior one. The former is nerer seen in 
I those parts of the heavens which are opposite to the Sun's 
place at the time of observation ; it is aometinies to the cast, 
and at others to the west of the Sun, but cannot recede from 
him so much as 90°, or one-fourth of the circumference. Twice 
I in every revolution it is in conjunction with tie luminary — 
I once when its situation is tetween the Earth and the Sun, 
called the i-aferior fonjwaetion, and again when the Sun js 
between the plfinet and the lEarth ; this is tonuod the superior 
oonjunction. When the planet attains its greatest distance 
from the Sun east or west, it is said to be at its greatest eUm- 
gation, eastward or westward, as the case maybe. Its apparent 
course in the ecliptic is usually in the order of the signs ; but 
at certain points in the orbit it appeara for a brief interval 
without motion : these are called the stationary jioinls. At 
other periods its apparent motion is reversed ; the planet seems 
to be moving contrary to the snccesaion of the signs, and there- 
fore retrogrades or goes backward upon the ecliptic. Still i^^ 
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*tal ooarse is invariably in the same directian. As we have 
giut remarked, it is the motion of the Earth combined witii 
that of the planet which gives rise to these apparent variations. 
^ %. 27, s is the place of the Snn, a i c n the orbit of an 
in&Tior planet within* that of the Earth atE;xLi[iristhe 




Pig. 27. 
path of a superior planet ; and the enter circle with the twelve 



s intended to represent the ecliptic, on which 
the longitudes of the heavenly bodies are connt«d. 

To a person npon the Earth at E, the inferior planet will be 
in conjunction with the Sun at the points b and d ; and agree- 
ably to the definitions g^ven above, it ia the inferior conjono^ 
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tion at B, and the superior one at d. The greatest elongations 
occur near the poinfca d and e, where lines drawn from, the 
Earth to the Snn and planet, Teapectively, attain the greatest 
inclination or obliquity to each other : at d the direc- 
tion of the planet's motion is nearly in a line tmoarda the 
observer on tho Earth, and at e it is qb nearly in a straight 
line frofit him ; it will therefore appear to him for a short timo 
^thont motion, near each of these positions, which are the 
tIatioTiary p<t!nfs. 

To explain tho cause of retrograde motion in an inferior 
planet, we will suppose it to be at a when the Earth is at b, 
and that it advances in its orhit to the point h, while our globe 
moves on to f, the arc a h being longer than b p, because the 
nearer a planet is to the Sun, the greater its velocity, Now, 
a spectator at e, noticing the poeition of tho planet at a, will 
refer it to the point h in the ecliptic, corresponding in our 
figure to about 7° of the eign Sagittarius; but when ho is 
carried forward to t, it will appear to him at I, a point less 
ftdvanced npon the ecliptic than h ; so that during the interval 
occupied by the Earth in morajg through the space e f, the 
planet would seem to refroffrade from h to i, or from 8agit< 
tarins into Scorpio, Tet its actual courae from a to fi ia 
direct, or in the order of the signs; and to a person observing 
from the Sua at s, snch would have beea its apparent motion 
(from E tfl t) in the interval. 

"We may here take occasion to esplain tho meaning of tho 
terma geocentric and heliocentric, continually used in astronomy 
in reference to the positions of the planets or other heavenly 
bodies. Suppose the planet at o; its situation in the ecliptic, 
■viewed from the Earth at e, will be at a, but as seen from the 
Bun it must appear at B ; tlio one point is in Sagittarius, the 
other in Cancer: h is called its geoarttric place, that is, its 
place aa seen from the centre of tM EarOi ; a is the helioectOrie 
position, or the point it occupies in reference to the centre of 
the Sun, In the case of an inferior planet the heliocentric tsj^.. , 
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{geocentric positioiLs always differ more or less, except at tha ^^^H 

saperior conjunction, when the longitude is the same whether ^^H 

Been from the Earth or Sun. At the inferior conjunction, a ^^H 

person on the Sun would sec Lt in tho opposite part of the ^^^| 

ecliptic to that in wMch it would appear t« he as viewed from ^^^| 



the Earth. 

It is evident fiwm tte figure that tho inferior planet can at 
no time come into opposition with the Sun, It ia visible in 
the evenings when to tho oast of him, and in the raomingi 
whea it is on the west aide. In superior conjunction at », the 
eolar rays prevent our discerning it; for at that point it is 
either belund the luminary, or more commonly a littte ahove 
or below hira. In inferior conjunction at b, it as £rec|uently 
happens that the planet is rather to tho north or south of the 
Sun, hut 80 near his disc as to be invisible : on rarer occa- 
aons it passes directly between the Earth und the Sun. and 
is consequently projected upon his surikce, appearing like a 
round black spot in its progress across the disc from west to 
east. This interestiBg phenomenon is termed hy aatronomorf 
a transit, and will he moro particularly described presently. 

The superior planet, moving in the orbit e l u if, is in op|>i>« 
eition to the Sun at the point l, the Earth being at k. ^nuR 
is tho most fcrourablo time for observing its telescopic appear- 
ance, because it is not only nearest to the Earth, as will 
be seen from the figure, but It is then on the meridian of a 
place about midnight, when the Sun is at his greatest depres- 
sion below tho horizon, and for this reason it can be longest 
obseiTed in a dark sky. At tho point s the planet's lon^tude, 
BB viewed &om the Earth at e, will be the same as that of the 
Snn ; in other words, it is in conjunction with the luminary at 
ir, and cannot be discerned for some time before and after its 
arrival at this point, through the overpowering brightness of 
the solar rays. At the two points where tho geocentric lonp- 
tadcs of the Sun and planet differ 90°, the latter is said to be 
in quadrature with the Sun ; one of these points wil! fall at /, 
?2 
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between k and l, and the other at g, between l and m. As a^ 
general rule the quadratures will occur nearer to k and x, the 
more distant the orbit of the planet is from the Sun. 

The superior planets appear to moye in the order of the 
signs during a great part of the year, but for a certain period 
their course is reversed ; they are always retrograde near oppo^ 
sition, and stationary shortly before or after. 

Suppose the Earth to be at e when the planet is at l, and 
that we move on to o during the time occupied by the planet 
in advancing to o, the arc e g being in this case longer than 
L 0, contrary to what takes place with an inferior planet At 
e we should refer the body at l to the point p in the ecliptic, 
corresponding, in our figure, to the beginning of the sign 
Cancer; but at o it would appear to us at q, in the fdgn Gemini, 
having gone back upon the ecliptic through the space pq./ 
Kow, assume that the Earth has travelled on to v, while the 
planet has moved to it ; we should then see it at the point w, 
which is between q and p ; wherefore its apparent course will 
have become direct, and at a point not far from q it must have 
appeared to us without motion. After this it will continue 
direct until the Earth has completed a large portion of 
her annual orbit, as will be evident by setting off arcs, as 
BO, G V, and l o, o ir, upon the two circles respectively, and 
extending the lines joining them to the ecliptic, as we have 
done in the figure : the points of intersection will thus be 
found more and more advanced until the Earth again ap- 
proaches e. 

The interval of time between two successive conjunctions 
or oppositions of a superior planet is called its synodical 
revolution, not thereby implying that it has really completed 
a whole circuit of the heavens in this time, but that the rela- 
tive motion of the Sim and planet has again brought them 
together, or diametrically opposite to each other. The syn- 
odical revolution will be longer for a superior planet compara- 
tively ncAr the Earth, as Mars, than for one further distant, 



SB Neptune. ITurs moving so mucli qtiicker lian Nephine 
advaaces conaideralily iiirther in his orbit while the Earth is 
perfonning one revolution ahout the Sun ; and the luminary 
has to continue its apparent CMurse much longer over the year, 
in order to OTortalra the planet Mara, than he has to come up 
again with Neptune. 

The further the planet is from the Sun, the nearer will its 
synodical revolution approach to the length of the Earth's 
sidereal period (366^ 6''), thoug'h it must always somewhat 
eseeed it. 

Piloses and apparent Diameters of the Planets. 
The inferior planets Mercury and Venus present every 
variety of phase, from the fine creaeont to the circular disc, 
Hke the Moon in her revolution round the Earth. This arises 
from the alteration in the position of their illtmiinated hemi- 
spheres (which are always tflwards the Sun) with respect to 
the Earth, and wiD be more readily undeistood trom an exami- 
nation of fig. 28, where i, fl, c, D. &c. are different positiona of 
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one of the above planets — Ventu, for instance, in her othit 
roand the Sun at s, the Earth being in the direction of the 
arrow. At a, the whole enlightened disc is turned directly 
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towards our globe ; but this being the superior conjunctioii, 
the planet is lost in the Sun's rays^ and therefore the inferior 
planets are never seen with circular figures, like the full Moon, 
A little before or after it arrives at this point, it may be dis- 
covered with the aid of a telescope, as at b : in this position 
the Sun does not illumine the whole of that hemisphere which 
is turned towards us ; a portion on the left side is in darkness ; 
and hence the planet has a gibbous appearance, like the Moon 
between first quarter and full. At c the bright part, for a 
similar reason, is still less ; and at d the planet shines with 
only half its disc illuminated. At s and p the enlightened 
part assumes the form of a crescent, like the Moon in her 
approach to conjunction, after passing her last quarter ; for at 
these points a large portion of the hemisphere next the Earth 
is turned away from the Sun, and therefore receives no light 
from him. The crescent becomes less and less as the planet 
draws near to g, the inferior conjunction, where its dark side 
is wholly directed towards us, and it will again be invisible, 
except on those rare occasions (to which reference has been 
made) when it passes in a line with the Earth and Sun, and 
appears like a round black spot upon the surface of the latter. 

The apparent diameter of an inferior planet varies consider- 
ably according to its distance from the Earth. When more 
than half the disc is illuminated, it is in the farther half of its 
orbit, and consequently appears much smaller than at those 
times when its bright surface is less than a semicircle, being 
then in the half of its orbit which lies between the Earth and 
Sun. 

The phases presented by the planets Mercury and Yenus 
afford one proof that their orbits must be included within the 
Earth's; otherwise it would be impossible to explain their 
varying forms. 

Mars, the first of the superior planets in order of distance 
from the Sun, is the only one that exhibits any very sensible 
change of figure, the others being so far removed from us that 
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their visible and enlightened hcmisphoree nearly coincide ; and 
for this reason they always appear to ua with bright round 
discs. The variations in the figure of Mara are confined 
within much narrower limits than those of Mercury and 
Venus, In opposition he is quite round or Ml, and at con- 
junction would present the same form if not obscured in the 
solar rays. At other times he is gihbonx, the illuminated 
portion of his surface being smallest at quadrature, but always 
greater thaa a semicircle ; when-ce we adduce a decisive proof 
that his orbit is exterior to that of the Earth, but within the ; 
orbits of the other superior planets, which offer no variety ot 

Jupiter, the neit large planet beyond Mars, ia not striclly J 

speaking round or fiilly illuminated near his quadratures ; but j 

the deficiency is so minute as to be inappreciable to the eye, 1 

even with powerful teloseopoa, and it is only for the moat 3 
accurate purposes that astronomers take account of it. 

Method ofJindiTig the Distance of the Earth from the Siai 6y 
the Transits of Venva. 

The transits of Tenus over tie Sun's disc afford the 1 
means of ascertaining the true distanee between the Sun and'' 
the Earth ; but it unfortunately happens that they are very 
rare phenomena ; and only two have yet been sufficiently ob- 
served to prove of service in the dotennination of this import- 
ant quantity: ono of these occurred inl761, and the other in 
1769. 

rig. 29 wilt serve to illuatrate the principle upon which the 
transits of Venus are made subservient to this special pui^pose. 
jt is the Earth, v the planet moving in the diiection of the 
arrow ; the large circle ropreseEts the Bun's disc "When 
Venus comes between the Earth and Sun at v, an observer at 
e. point a upon the former would see the planet projected upon 
the Sun's disc at s, and a person stationed on the opposite 

'» of the Eartli at b would see the planet at a ; the distanop 





^^^H A B is the difference in thG posilioii of Venus on the Bun, dud 
^^^Wto the difference between the two stations on the Etirth'i 
^^^^1 BUr&ce ; and the wider these are apart, the greater will be the 

' displacement. Now, the angles formed by the straight lines 

a B and 6 a on each side of v are equal, and a b will therefore 
bear tho same proportion to a b that the distance of Venus 
from tho Earth does to her distance from the Sun : this pro- 
portion is known from Kepler's third law. To find the extent 
of A a, it is only necessary to observe the times when the 
planet moying from c to d enters and leaves the Sun's disc, as 
we have then tho intervals occupied in describing the lines 
c » and p Q, to the observers at b and a respectively ; wo can 
thence determine the exact course of tho planet across the diso, 
as viewed from each station, and consequently the distance a b. 
Knowing this qnantity, and likewise the dietence between the 
observers' stations on the Earth's sarface, it is easy to ascer- 
tain how great an angle tho Earth's semidiameter or half the 
distance a b would subtend, as seen from the Sun, by reducing 
its measure upon the disc of the luminary, in the proportion 
of the distances between the planet and the Bun, and the 
planet and the Earth, This angle is called the Sun's hori- 
lontal parallax, being in fact etjual to tie difference in the 
Sun's position dae to parallax, as seen from the terrestrial 
pole and equator. Having thus found tho apparent breadth 
of the Earth's semidiameter at the San, its proportion to the 
I whole distance between the two bodioa is known, and thence 



we deduce the true diatance by Bimply multiplying the semi- 
diameter of the Earth in miles by the aumber of times it it 
contained in the above distance. 

From a greet number of observationa upoa the transit ol 
Venus iu 1709, it appears that the equatorial horizontal paral'^ 
Itm of the Sun, by which is implied the apparent Bemidiametar 
of the Earth at the equator seen from the Sun at hia mean 
distance, is a Uttle over 8J"; and hence we infer by trigono- 
metry, that the solar diatance exceeds the radius of the Earth i 
24,065 times; and as the former measures 39(i3 miles, tha | 
interval separating us from the Sun must extend to 95,370,0001 

The entrance of Venus upon the disc of the Sun is callai J 
her inrjrtsa, and the departure frnm it her egriss. As ths I 
planet subtends a considerable breadth when projected upon. I 
the surface, it is necessary, in order to find the precise moment f 
when her centre coincides 
with the Sun's border or 
limb, to note the times 
when she first touches it ^^ 
on the outside, and when 
she is just wholly within 
the disc, as at a and b in 
fig. 30. A is called the 
external, and o the in- 
ternal contact. Similarly 
on the planet's leaving 
the Sun, the same pheno- 
mena are noted, as at n and e. 
distaiKi of c&ntreg is said to 

nearest point of approach between the middle points of 8nn 
and planet. 

Tlie Sun. 
The magnitude of the Sun is worthy of the important posi- 
tion he occupies as the centre of uur system. His diameter ig 
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found to be no leas than 888,000 mileB, or 112 times greater 
than that of tho Earth, and nearly four timeB the breadth of 
the Moon's orbit. A monntain upon the Burfaco of the Bun, 
to bear the same proportion to his diameter that the Dha- 
wolagiri or highest peak of the Himalaya docs to the diameter 
of the Earth, would require to be 600 miles in altitude. 

The circumference of thia stupendous globe measures 
2,789,000 miles; compared to which, the span of our own 
planet, though it extends to 25,000 xoiles, seems quite insig- 
nificant. 

There IB no sensible dififerenoe in the Sun's diameter, 
whether it be measured in a vertical or horizontal direction. 
It subtends an angle of &am 31^' to 32^', according to the 
distance &om tbe Earth. 

The mass of the Sun, by which is implied his attractive 
power, esoeeda that of the Earth 356,000 times, and is 740 
times greater than the masses of all tbe known planets put 
together. 

The solar volume or bulk exceeds the Earth's 1,405,000 
times ; or, which amounts to the same thing, it would take 
1,405,000 Earths to make one globo of tbe same magnitude 
as the Sun. It is 600 times greater than the contents of all 
tho planetary bodies known to exist. These facts afford a 
striking iUustration of the enormous size of the central 
luminary. 

A body weigbing one pound at the Earth's equator, would, 
.if transferred to the Sun, weigh twonty-nine pounds. Hence, 
no being similarly constituted to man could exist upon the 
edai orb ; for, supposing a person to weigh ten stone, or 140 
pounds, on the Earth, be would experience upon the Sun a 
pressure of 290 stone, which is more than sufficient to crush 

Astronomers generally regard tbe Sun as a habitable globe, 
jirobably peopled by intelligent beings, though of a difl'orently 
^organized race to ourselves. This appears far more likely tttHjfc j 
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that it should be a vast orb of fire, as the ancients supposed, 
bat, without doubt, erroneoaBly. 

The resplendent nature of the Sun ia now eonsiderod to 
arise &om a luminous atmoapheTO, or photosphere 
been t«rmod, which is the soui'ce of light, and the partial 
cause, at least, of heat thiougbout the sjstem. Of the proeise 
nature of this envelope we are yet ignorant, but that it exiata 
ifl almost bejond dispute, from the appearances revealed by the 
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It is commonly supposed that there are three atmospheric 
strata about the Sun ; that nearest his aurface ia called the 
cloudy stratum, being of a character incapable of reflecting 
light and heavily loaded with vapours ; the nest in elevation 
is thought to consist of an intensely luminous medium, and to 
this is attributed the diffusion of light and heat; at a greater 
altitude still, it is assumed that there exists a third envelope 
of a transparent gaseous nature*. 

The Sun rotates upon his axis &om west to east, i. e. in the 
same direction as the Earth, in the space of about 25* 8*. 
The axis ia inclined 82^° to the plane of the echptic, which is 
intersected by the Bun's equator in longitude 80° and 260°, or 
in the 20th degree of the signn Cemini and Sa^ttarius. The 
north pole of the Sun, therefore, leans 7j° from a perpendicular 
to the Earth's path in the direction of longitude 350°, which 
is the 20th degree of the sign Pisces. 

These facts have been discovered by attentively watching 
the black spots, or maculm as they are sometimes termed, 
which the telescope shows upon the Sun's disc. The spots are 
found to bo neither permanent aor stationary. They some- 

• Thfl eminent French HBlroDomer, M. Loverrier, guided bj his oipari- 
enoa on the occasion of the Total Solm- Eclipae of July 1860, doubta His 
«UBtetioe of this succeeiiiou of enrclopes, but DaceiilBra the Suu a luminaus 
bod; OQ aocount of its high temperature, and oovereil b; a bed of par- 
tially transparent cosc-ocloured matter, whitb becotap* visible during 
totalitj, and occaaiounll; Eiccumulates at certain points so as to d imin is h 
tlie light of the Sun and give rise to the dart spots. 
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tunes break ont sudileiJy, almost under tho gajie of the astro- 
nomer, continue visible a few hours, and then as rapidly vanish 
altogether. Othera rcmnin for several weeks, or even months, 
and in this case are found to more aetosa the Sun's disc, entering 
it upon the eastern border, or Ihnb as it is technically called, 
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Fig. 31.— Solar upol. Fig. 32.— The Bame spot, four days latet. 

'imd disappearing as they draw near the opposite edge; the 
time occupied in their transit across the surface is rather less 
than a fortnight. For a eimilar period after reaching the 
western border of the Bun, thoy are invisible to us, but at its 
expiration reappear on the eastern edge, and if they last a 
fortnight longer, again traverse the disc. Some spots have 
been observed to make seven or eight passages over the Sun 
before they have vanished entirely. 

This motion of the spots in a uniform direction and with a 
pretty regular velocity, can only be esplflined by supposing 
them to adhere to the Sun, and to be carried round by his axial 
rotation from west to east. 

Their forms are often in a state of continual change. As a 
general rule, there is a black spot included within a greyish 
shade, which is called the •penumbra, or several detaohed black 
spots of irregular form may be encircled by the same. It has 
recently been further noticed that all large spots, and many 
small ones, have a roundish centre which is densely blae' 



confliderably darker thaa the eiUTOundiiig portion witlim the 
peanmbra, tbe whole of whiuh has commonly been regarded aa 
the nucleus — a term that will be more applicable if confined to 
the drcular black centre. 

The figures aseumed. by the dark Bpot arc frequently veiy 
curious; and it is interesting to watch them in their progresa 
over the Sun's disc, which is easily done with a telescope of 
very email dimensions. Great care, however, is reqiured in 
Bolar observations ; more than one aatronomer has tost an eye, 
or seriotialy injured hia sight, by inadvertently omitting to add 
a dark glass, or from its being suddenly broken by the concen- 
tration of the Sun's rays upon it. It is only of recent data 
that moans have been devised by which the large telescopes in 
observatories can be brought to bear with advantage upon the 
solar phenomena; one singular result of this practical im- 
provement has been the discovery of a gyratory or revolying 
motion of the spots themselves, independent of thoir apjjarent 
movement across the disc. It has also been surmised that 
some of these objects undergo a real ebange of position upon 
the surface of the Sun, since the times of rotation given by 
difieront spots often differ more than can be accounted for by 
errors in the observations. 

Besides tbe dork spots, there are others of a more luminous 
character than the general surface, presenting themselves com- 
monly in tbe form of bright streaks near those parts where 
the black spots actually exist, ox where they have recently 
disappeared : theso are called faeulre. 

When examined with a good telescope, the whole disc of 
the Sun is found to bo covered by minute shady dots, which 
give his surface a mottled appearance. It frequently happens 
that they seem to he undergoing rapid changes ; but it is most 
likely that this is caused by the variable conditions of the ' 
Earth's atmosphere, and consequently is only apparent. 
- To explain the phenomena of the t5)ot8, it is thought b 
lomere that the body of the Sun is dark, and that parts | 
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of it arc rendered visible to us by openings in his atmoBpHere, 
through the action of curronta, or some analogous agency, 
These visible portions form the black centres of the spots ; the 
lighter shades surrounding them are assumed to bo the cloudy 
stratum or interior envelope of the Sun, while the penumbra 
is probably caused by tbe removal of the upper strata of the 
atmosphere qlone, leaving the lower strata undisturbed. At 
present we are hardiy in a condition to account satiBfactorily 
for all the appearances remarked about the spots; but the fore- 
going explanation is that on which greater reliance has been, 
placed. Whatever thoir primary cause may be, it evidently 
operates most powerfully near the Sun's equator, the black 
spots being usually confined to a belt of about 35° on eaeh 
Bide of it ; on rare occasions only have they been noticed in 
much higher latitudes. 

It is a remarkable fact that the number of spots upon the 
Sun's surface is periodical, the interval between two jnamma 
or minima being about eleven years ; and it is espociaUy worthy 
of note that the variations in this number appear t» corre- 
spond with cyclical changea in the magnetic declination. A 
connexion between the phenomena can hardly he doubted, 
considering the evidence now adduced in its favour by the 
observaliona and researches of Lament, Sabine, Schwabe, and 
Wolf. 

Tho/ncwi<B, or bright streaks, to which allusion has been 
made, are generally supposed to be either luminous clouds or 
the ridges of luminous waves in the upper regions of the Sun'a 
atmosphere. The mottled appearance of his disc, Bometdmes 
extending over every part of it, and at others more especially 
remarked in the equatorial zone, may arise fttim tiie con- 
tact of the lower or cloudy stratum with the exterior photo- 
sphere. 

"We trace eome degree of resemblance between the phe- 
nomena of the solar spots, and those of the great ocean hurri- 
canes on our own globe ; yot the conditions of tbe Earth and 
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Snn appear so ossentially different, that there is a chance of I 
felling itito error by extending the idea of similar operating- 
agetits to both bodies. 

The dark epota vary la diameter from a few hundreds of 
miles to 40,000 or 50,000 miles ompwards. A group of spots, 
including their endosing peniunbra, will frequently extend 
over a space of many miUions of square miles. 

It is by no mcaaB an nncomnion occurrence for a large ' 
lilack spot or a group of smaller ones to become visible to tha 
naked eye. When the Sun ia partially obscured by fog or 
vapours of the horizon, a spot may sometimes bo thus observed 
without the use of a dark glass. Several instances of this kind 
are recorded in ancient chronicles ; and of late years, since ■ 
greater attention has been paid to solar observations, they have 1 
become comparatively frequent. 

The first discovery of tie spots on the Sun with the md of I 
a telescope has been much disputed. Fabricius, Galileo, 
Boheiner, and Harriott observed them independently in the 
years 1610-12 ; but the priority has been claimed for the fiist-> 
named astronomer. 

The Planet Mercury, 

Mercury is the nearest planet to the Sun, and the smallest 
of those known to the ancients. 

His average or mean distance from the Sun is rather Ices 
than 37 millions of miles ; but his orbit is so eccentric that he 
ia at times nearer to or further from that luminary by 7j mit- 
liona of miles ; or his greatest distance amounts to 44;j millions, 
and his least to 29^ millions. 

The planet performs a revolution round the Sun in ST"* 23", 
at an average velocity of 100,000 miles per hour, or 30 milea 
per second. 

The apparent diameter of Mercuiy varies fiwm about five to 
twelve seconds, according; to his distance from the Earth ; it ia 
least at the superior, and greatest at the inferior conjunction. 
The real diameter is close upon 3000 English miles, whence 



L OiB Tolume or bulk of tJie planet will be rather more than 
' yfjths of that of the Eoxth. 

The maa3 is found to he littlo over the five-millionth part of 
the Sun'a, and the density rather greater than in the ease of 
the Earth. 

At no time does Mercury lecedo from the Sun eastward or 
■westward further than 30° ; and as he never sets much more 
than two hours aft«r the Sun, nor risea before him by a longer 
interval, he cannot bo observed, like the other planets, in a 
dark sliy. The planet twinkles towards dusk like a fixed star 
■with a peculiarly vivid and rosy light ; but the young astro- 
nomer must exercise a little vigilance and attention, or be may 
not be succossfol in identifying it amongst the surrounding 
■tars during the short time that it can he seen eitier morning 
or evening. The modem improvements in telescopes enable 
US to see the planet in the daytime when it is not very near 
the Sun'a place. 

Although Mercury really completes a revolution round the 
Bun in somewhat less than 90 days, the interval between two 
inferior or superior oonjunctionB, or between suoceBsive arrivals 
at the greatest elongation eastward or westward, amounts to 
116 days ; this is the synodic revolution, which depends upon 
the relative motions of the Earth and planet. 

The transits of Mercury over the Sun's disc take place more 
fcquently tban those of Venus, but atiU are by no means of 
common occurrence. For a long period to come tloy can only 
occur in the months of May and November, because tbe nodes, 
■which are the points where the orbit of the planet crosses the 
echptic, fall in those parts of it through which the Earth 
passes in tbe above-named months. Owing to the greater 
proximity of Mercury to the Sun, his transits arc of far less 
value in ascertaining the distance of that body from the Earth 
tiian the transits of Venus. The next phenomenon of the 
kind will take pLtce on the morning of November 5th, 1868. 

The planet is too near tbe Sun to allow of any exact km 



ledge of his time of rotation, or the peculiarities of his surface. I 
Schroter, a Genuaa observer, is the only one who has ever I 
pTofeseed to see indications of mountaioa or continents upon 1 
the disc ; he assigned a rotation of 24'' 5'°, hut this is assu-- 4 
redly vary uncertain. 

The Planet Venua. 
Venus is tho most brilliant of all the planets, her light, I 
which is of a yellowish -white colour, being ut certain times bo 
lustrous as to cast a sensible shadow. When visible before 
sunrise, she was called by the ancients Phosphorus, Lucifer, or 
the morning star, and when she shone in the evenings after 
sonset, Htsperva, Vesper, or the evtninfj star. 

The orbit of Venus lies between those of Mercury and the 
Earth, at an average distance from the Sun of 68 milUoii 
miles, from which it varies but little, owing to its deviating ._ 
very slightly from a circle. A. revolution is completed in I 
224" IT*, at a mean velocity of 80,000 miles per hour, or 
more than 22 miles in a second. 

The distance of Venus from the Earth at the inferior con- 
junction is about 25 millions of miles, and her apparent 
diameter at the time is nearly 70" ; whereas at the superior 
conjunction she recedes from us to seven times that distance, 
and hex disc then subtends an angle of only 10". 

The true diameter of tho planet ia about 7S0O miles, or very 
nearly the same as that of oui globe ; the mass, however, is 
less, being only jo^th part of the Sun's ; the density ia 
T^ths of the Earth's. 
I Venus is a morning star from inferior to superior conjunc- 

tion, and an evening star from superior to inferior conjunction. 
She attains her greatest brilUftncy at an elongation of 40° 
west or east of the Sun, five weeks before and after the infe- 
rior conjunction ; at this time her apparent diameter is about 

I 40", and the breadth of the illuminated part 10" ; her figure 

^^Htfiierefore similar to that of the Moon when five days old. 



It is at these periods that the planet is bright enough to throw 
a shadow at night. If, about the time of greatest brilhancy, 
Venus is also at or near her highest north latitude, she may 
he seen with the naked tye in full daylight : this occurs once 
in eight yeans, in which interval the Earth and planet return 




Fig. 33.— Venua near her greatest ol 
to the same situation in their orbits ; for eight complete revo- 
lutions of the Earth round the Sun occupy very nearly the 
same time as thirteen revolutions of Vonns. 

The sidereal period of the planet being 225 days, it really 
performs a rerolntion round the ecliptic in that interval as 
viewed from the Sun ; but the relative motion of the Earth 
and planet is such aa to oauBe the latter to remain apparently 
on the same side of the Sun for over 290 days, or considerably 
longer than the above periodj while moving in that part of the 
orbit which is furthest from the Earth. The synodie revolu- 
tion extends to 5S4 days, this being the average interval 
between two conjunctiona, inferior or superior. 



The Borface of Venua, viewed in the telescope, is 
almost dazzling brightness, and for this reason we know Utti 
of its nature. Dusky spots are, however, opcasionally visihlftiB 
upon it, aart by carefiilly watching them from time to time itl 
has been inferred that the planet rotates upon its axis inj 
23" 21" 21', and that its equator makes an angle of 75° with! 
the plane of the orbit. This must give rise to a greater varietyj 
of seasons than we esperienee upon the Earth, and the ' 
equality in the length of the longest and shortest days will b 
much larger. 

The spots of Venus are not supposed to he connected w 




Fig. 3*.— Veniia, as irown by Sclmjter. 

her surface, but rather appear to exist in her atmospher 
Bchrdter, the German astraaomer, tbought he had diacemej 1 
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I niountmnB of great elevatioa upon the planot, but the obaeira- 

^^^^ tion has never beea confirmed. 

^^^^L Viewed from Ycnus, the Sun would present a diameter of 
^^^^1 44', or nearly half as great again as it is seen from Iho Eaith, 
^^^^M The transits of tho planet over the Sun's disc are, aa before 
^^^V remarked, of high importanae in astronomy, but unfortunately 
^^^H of rare occurrence. They always happen at the beginning of 
^^^P June and December, for a reason similar to that which causes 
^^^ the trauaits of Mercury to take place in the prenoue months. 
The last, which occurred on the 3rd of Juno, 1769, excited very 
great interest. Several European governments fitted out ex- 
peditions to those parts of the world where the phenomenon 
was likely to be seen to tho best advantage. The necessitj for 
having observers at distant stations will be apparent from what 
has boon said respecting the transits of Venus at p. 72. Fore- 
moat amongst the governments which interested themselves in 
the trndertaking was that of Great Britoin, by which a tho- 
roughly-equipped oxpedition was despatched to the Island of 
EOtaheite in the Pacific Ocean, under the command of Captain 
Cook. Observations wero taken in Lapland and California, at 
Pekin, Manilla, Batavia, Jakutsk, Otaheite, &c., and in every 
part of Europe. 
The next transit will happen on the morning of the 8th of 
December, 187i, but too early to be visible in this country. 
There will occur another on the 6th of December, 1882, partly 
■ Tiaiblehere; and the succeeding one will not take place till 
the 7th of June, 2004. 



The Earth. 



The annual circuit of the. Earth round the Sun is completed 
m 365* 6" 9", at a mean distance of 95,300,000 miles, or 
lather over 12,000 times her own diameter. The circum- 
ference of her orbit measures 599 miUions of miles, and the 
mean velocity in describing this enormous distance is 68,000 
miles pw hour, or 19 miles in a second. 
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The Earth is nearest to the Btm at the end of Deoemher, and 
furthest from him at the heginning of July, the difiorence 
between the greatest and least distances being 3^ millions of 

Her diameter in the direction of the equator measiirea 
7925^ miles, and in the direction of the poles 7899. The 
difference, 2ft^ milea, or ^-J^-th of the greater diameter, ia 
called the^?or compression. The circumference at the equator 
is somewhat less than 25,000 miles. 

The Earth rotates upon her asia in 23" 66°" 4* mean solar 
time, which is the length of a sidereal day. The axis is in- 
clined 66° 33' to the plane of th« ecliptic, and retains an inva- 
ri&ble position, or is always directed to the same point in the 
The equatorial parts revolve at the rate of 17 
8 per minute. 

LThe mean density of the Earth is 5J times greater 

it of water. 

The Moon. 

The Moon is the satellite of the Earth, and, as we have 
seen, revolves about her while she is pursuing her annual 
journey round the Sun. 

It has been stated above that the distance of the Moon 
from the Earth is 238,000 miloa, which is equal to 30 diame- 
ters of the latter. This is the average distance ; hnt, owing to 
the eccentricity of her orbit, the Moon approaches us at 
perigee within 225,000 miles, and recedes from us at apogee 
to 261,000 miles. Her revolution about the Earth, in refer- 
ence to the stars, is accomplished in 27'' 7" 43°", at a mean rata 
of 2280 miles per hour. 

The apparent diameter of the Moon varies, according to her 
distance, from 28|' to 33^'. It is sensibly greater when she 
is on the meridian of a place than it is when she is near the 
horiiwn. because her actual separation from the observer is 
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more than 3000 miles Icsb in the former aitaation than iu the 
latter. The real diameter ia 2160 miles, and is the same 
whether measured in the direction of the poles or in that of 
the equator. 

The Earth exceeds the Mooa ia bulk 50 times, and in moss 
about 80 times. It would therefore require 50 globes as large 
as the ^oon to form ouo of equal dimeasions with our own. 

Tho Moon rotates upon her axis ia esautlj the same interval 
that she requires to perform a revolution round tho Eai'th, i.'i. 
in one tidereal period of 27* 7" 43'°. In consequence of this 




Pig. 35. — Tel«copio appearanoo of tho Full Moon. 
I^ihe always presents the same side towards us ; for the number 
(grees passed over by a lunar meridian, in rirtue of the 
I rotation, in a certain time, say twenty-four hours, ia exactly 
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equal to the average nnmber trflvereed by the Moon in one 
day, as Been from the Earth, and hence the eame meiidion is 
always directed towards uB. 

The irregular appearances of light and ehade, which are 
discerned with the naked eye npon the disc of the full moon, 
are found to arise from the existence of mountains and valleys 
over the whole visible surface of our satellite. We know that 
the brighter parts are the more elevated, because, when the 
sun shines on them obliquely, their black shadows are seen, 
with telescopic aid, to be projected upon the surrounding 
plains ; while at the full moon, when the Sun throws his light 
upon them in our line of vision, the shadows disappear. By 
measuring the lengths of those dark shadows, and taking into 
account the Sun's elevation above their horizon at the time, 
the true altitiides of many of the lunar mountains have been 
determined. "When the Moon is not near the full, one of her , 
borders (that turned from the Gun) has an irregular ri 
appearance, owing te the difference in elevation of those parts 
then near the limit of the illuminated surface ; the higher 
points, or mountain peaks, being visible as brilliant spots quite 
detached &om the general outline of the Moon, with inter- 
vening spaces of various shades, which are the level or more 
depressed parts. The top of a mountain is thus seen t« be | 
enlightened several hours before it forms a part of the illu- 
minated disc. 

To distinguish the lunar spots one from another, the great 
names of classic antiquity and those of eminent modems, with 
B few geographical appollationsr have been assigned to them 
by successive astronomers who have made the features of the 
Moon their especial study: thus we find Plato, Aristaichus, 
Eratosthenes, &.c., associated with Copernicus, Kepler, and 
Newton, in addition to such names as the Apennines 
Carpathians, &c. 

Some of the extensive shaded regions were called geas, and i 

isidered to be such by former observers. Amongst them | 



r Mare Critiwm, the Crisian Bea — Mare 2fvhium, lie Sea 
. of Clouds — Sinus Iridum, the Bay of Rainbows, Ac. These 
names are in use at the present day; but it is not to be 
thereby imdeiBtDod that astnmomers euppoee these duaky 




portions of the disc to be really the lunar oceans. On the 
contrary, there is strong evidence to show that no water esista 
upon the Moon ; and the ancient names are therefore adopted 
merely as a matter of convunicTicc. or to avoid the confusion 
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ca?ateFS as they are asuolly conBidored, one peculiar and 
frequent characteriBtie being the great inequality between the 
iatemal depth of the crater and the elevation of the mountain 
above the general surface of the Moon, Everywher 
traces of volcanic agency, though there is no reason to 
that it has been in operation in recent times. 

Cavities, or walled-plaim as they have been termed, are 
another common feature of the lunar surface ; they are of a ' 
darker shade than the surrounding region, and evidently J 




Fig. 38. — TLe AthihIjit- Moiuitain Casfini; the Sun shining obliqiiely. 

depressed at various depths below the general level. Their 
form is pretty nearly circular, but, owing to their beLng fre- 
quently viewed obliquely, they present an oval or elliptical 
outline, Plato affords a remarkable instance of a waUtd-plain. 
There also occur on the level parts of the Moon reetiUneap 
luminous streaks or hollows, which, before the existence of 
water upon the surface of our satellite was considered to be 
disproved, were thought to be the lunar rivers. They are 
mostly &om 20 to 30 miles in length. Their real character 
is still a mystery. 

The altitudes of upwards of one thousand lunar mountaina 
have been measured, and likewise the diameters of the annular 
ridges of mountains, the craters, and principal cavities. Many 
i the former are found to be of much higher elevation, itt 
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proportion to the diameter of the Moon, than the moat lofty 

moiuLtains on the 

Earth in proportion 

to her diameter. 

Thus estimated, 

some of the lunar 




inheightthetower- 
ing summits of the 
Himalaya by 3 tol. ' 

The breadths of 
the craters are usu- 
ally much greater 
thaa in terrestrial 
Tolcanoes : a dia- 
meter of 8 or 10 
miles is not of un- 
frequent occur- 
renoe. Some of the earities and annular rangea of mountains, 
which are clearly of volcanic origin, measure 100 or 120 
miles across. 

Maps of the whole viaible surface of the Moon have been 
constructed at various timea. The most recent are those of 
Dr. Madler, a Russian astroiioraer. 

A few days before and after new moon, when the illuminated 
portion of the disc is only a flraall part of the whole, the spots 
and outHno of the dark surface are often very distinctly visi- 
ble, and, occasionally, briUiant points, flickering as we might 
suppose Tolcanoes in action would do, are perceived with the 
telescope. The cause of this faint greyish illumination of the 
disc, upon which the Sun cannot be shining, is the reflexion of 
light from the Earth ; it is, in fact, earth-light on the Moon, 
For when the Moon is between the Earth and the Sun, she 
has the whole enlightened surface of our planet turned towards 
her; and since its diameter will measure over 2°, giving an 
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area 13 times greater than that of the Moon'a disc 
it, the quantity of hght reflected from the Earth to the Moon 
miiBt bo very considerable. The brilliant points, which were 
formerly supposed to be Tolcanoea in action, are n 
tMned to be caused by the vivid reflexion of earth-light from 
one or two of the spots which from some epecial cause offer a 
surface of greater reflective power than other parts of the 
lunar disc ; the unsteady flickering appearance is ao doubt 
produced by the state of our own atmosphere. 

It has been stated that the Moon always presents the same 
face towards the Earth, and this 'would appear to be the caaa 
to any casual observer. Strictly speaking, however, it ia not 
precisely so. The Moon's rotation ia uniform— that is, it ia 
always performed at the same rate, and therefore in the same 
time ; but her motion round the Earth is not invariably at the 
same velocity, and hence it happens that we occasionally see a 
little further round each hmb than at other times. Again, 
the Moon's axis not being q\iitc porponrliculnr to her orbit, we 
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a to 
seo a little more than 
usual of her north and 
south polar regions. 
The former of these 
efFects is termed the 
libration in Ifmgitude, ^ 
and the latter the U- '. 
bration in latitude. It 
might be inferred that 
these small irregulari- 
ties would BO accumu- 
late in course of time 
as to bring the other 
aide of the MooE round ^'S- *^-— 
towards the Earth; but, 
Uliibrtunat^ly for our knowledge of the physical coustitutioii ' 
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of that hemisphere, it is proTcd from the theory of the subjeot 
that Bucli changes can only taie place within certain narrtw 
limits, and consequently it is impossible 'we eon eycr see the 
other half of the disc. 

To the lunariana, if there be any, the Earth will appear 
nearly immoveable in their sky, passing every month through 
the same phases that the Moon does to us. They may be 
able to distinguish between the continente and oceans upon 
onr globe, though the prevalence of clouds in the Earth's 
atmosphere may, and most probably would, render the outlines 
of the same very indistinct. 

The Moon, in the oouTse of her I 
monthly journey round our hea- I 
vens, frequently passes before the I 
stars and planets, which disappear I 
on one side of her disc, and 
appear on the other. An occ 
rence of this kind is termed an I 
occvltation of the star or planet I 
by the Moon. It is a very in- 
teresting telescopic phenomenon. Fig. 41.— Occultaiion of a Btat 
and of great practical use in '? t'le Moan, 

ascertaining the difference of longitude between places on the 
Earth's surface. 

The Planet Mars. 

Man, the first of the superior planets, performs his revolu- 
tion round the Bun in 687 days, at an average velocity of 
55,000 miles an hour, or 15J per second. His mean distance 
&om the Sun is 145 millions of miles ; but the eccentricity, 
which amounts to y'^th of the above distance, causes him to 
approach within 132 millions at perihelion, and to recede to 
nearly 159 millions at apheLon, 

When Mars is nearest to the Earth, his apparent diameter 
exceeds 30"; but at the conjunction with the Sun he W0i4^i| 





preoent, if visible, a breadth of only 4". The true diameter is 
4500 miles. There ia a sensible compreBsion or flattening at 
the polea, amounting to about ^th part of the diameter. 

The moss is not exactly known, since Mara doea not, aa far 
as we are aware, possess a sateUile by the movemenCs of which 
we might approximate g 
closelyto his attractive 
power. It ia generally 
Buppoaed to be about 
2j millions of times 
less than the masa of 
the Bun, or only one- 
seventh of the Earth's. 
The density amounts 
to -jVfftlis of that of 
our globe. 

Mara present.^ a 
ruddy, fiery appear- Fig. 42.-1111™. near oppositioii. 

anee to the naked eye, and becomea a bright object in tho 
heavens when ho is near opposition. Under telescopic exami- 
nation, hia surface is 
found to be covered | 
with dusky spots of 
irregular form, which 
are presumed to be the 
outlines of continents 
and seas ; the conti- 
nents have a dull red 
tinge, while the seas 
are greenish. Tho red 
colour is very striking 
in some parts of the 
surface. At the poles 
there are briUiant 
white spots, which are considered to be masses of snow, since 




they hare been obacrved to grow less as the Sun's influence 
becomes sonaible npon them, and, vice vend, to increase on Ibe 
commencement of their winter. 

From observations of the dusky spots, it has been ascertained 
that Mars rotates upon bis axis in 24'' 37", the north pole 
being directed towards 350° longitude, and inclined at an 
angle of 61° ta the plane of the orbit. The seasons npon this 
planet will probably ditfer little in character from our own, 
though of nearly twice the length. 

Uoro appears to have a considerable atmosphoro, though not 
(rf 80 extensive or dense a nature as was formerly supposed. 

When the planet is near opposition, we see the disc fully 
illuminated. At all other times it is ijibbous, approaching 
nearest in form to a half-raoon whon it is at the quadratures. 

The Bynodie revolution occupies 780 days ; consequently 
Mara comes into opposition once only in about two years. 
The most favourable periods for viewing his disc are not so 
frequent as this, because, to be advantageously observed, the 
planet must be in opposition and periheUon about the same 
time : ho then approaches near the Earth, and his brilliancy 
is such that he becomes no unworthy rival to the bright planet 
Jupiter. This can only happen once in about eight years. 

T!ie mnor Planets. 
Between the orbits of Mars and Jupiter (the next of the 
great planets reckoning from the Sun) revolves a remarkable 
group of small planets, now seventy-five in number*. The 
whole of these bodies have been discovered during the present 
century — four of them in the early part of it, and the remainder 
since the year 1845. They are distinguished by female names 
takeut from the mythology of ancient Greece and Rome. 

• The namei of the minor pknota and of theii- discoverers, with other 
particulara, trill be found in the Synoptical Tables, 
t Witli one or two eieeptions. 



They differ in some reepeets from the other members of the 
planetary system, partieukrly in point of size, — the largest 
amongst them probably not exceeding 450 miles in diameter. 
In Boveral coses their orbits are much more inclined to the 
plane of the ecliptic than those of the great planets ; for this 
reason they are frequently beyond the Umits of the ancient 
zodiac, and have been termed ullra-zodiaeal planets. 

Of these seventy-five planets, FJora has the shortest period 
of revolution, viz. 1193 days, or 3| years ; her mean distance 
from the Snn is somewhat over 209 millions of miles. Maan~ 
•miliana is the most distant, and therefore has the longest 
period : her average separation from the Sun is 330 millions 
of miles, 'w^hile her circuit round him is accomplished in 2343 
days, or rather less than 6j years. As far as we know at 
present, the nearest approach Xa the Sun is made by Pkoeea 
in perihelion, and the greatest recession from that luminary 
by Euphrogi/ne in aphelion ; for, as happens with the old 
planets, the orbits of all the new ones are more or less oval or 
elliptical. 

Towards the end of the last century, Professor Bode, of 
Berlin, had pointed out a singular relation between the mean 
distances of the planets then known, including Uranus, from 
which it was conjectured that a planet probably existed 
between Mars and Jupiter, and it was mainly owing tfl the 
strong impression created amongst astronomers by the publi- 
cation of Bode's relation of distances, that a plan of searching 
out the latent body was devised and speedily put into execu- 
tion. This so-called " law " has consequently acquired great 
celebrity, but baa failed, partially at least, in the case of 
Neptune, which was unknown to Bode. In its most simple 
form it is expressed as follows ; — 

To the numbers 0, 3, 6, 12, 24, 4S, 96, 192, (in which 
series, it will be observed, each number after the second is 
double the preceding one,) add the mmiber 4 in succession ; the 
sums will represent, approximately, the relative mean distanees 
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^^^^1 Adding 4 to 0, the sum is 4, neirlj Che distasco of Merciu^. 



II), which is the distance of the Earth, 
10, aauly the distanco of Mkts. 



52, nearly the dist&aoe of Japiter. 



196, „ „ Ursniu. 

This relation indicates a planet between Mars and Jupitei 
at a mean distance from the Sun of about 23 ; and it ia curious 
enough, that Ceres, the first of the new planets in order of 
discovery, was found Ikj be situated almost precisely at this 
distance. 

The subsequent discovery of Pallas and Juno in the same 
region led Dr. Olbers to suspect that these small planets are 
in faet parts of a much larger one, which moved at a remote 
period near the same mean distance, but by some great con- 
vulsion had been shattered in fragments ; this idea has been 
supposed to receive considerable weight from the more recent 
discovery of so many small bodies belonging to the same group, 
and the mutual intersection of many of their orbits in about 
180° of longitude, or in the sign Virgo, which has induced 
some astronomers to think that a great planet may have met 
with a fearful catastrophe in that part of space. Such, how- 
over, can hardly bo said to he the prevailing opinion at the 
present time as to the origin of this remarkable group of 
planets. 

The Planet JitpiUr. 

With the single exception of Venus, Jupiter ia the brightest 
of the planets, and when ha is nearest to the Earth his lustre 
falls very httlo short of the average briUiancy of the former. 

The mean distance of this planet ham the Sun is 493 
millions of miles ; the corresponding time of revolution is 
4332^ days, or rather under twelve of our years. He travels 
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irili an average velocity of 30,000 mileB per hour, or 500 per | 
minute. 

Jupiter 19 by far the largeit planet in the aystem ; his mean 
diameter is 88,000 miles (about one- tenth of the Sun's), whence 
we compute his bulk or volume to be 1300 timea greater than 
that of the Earth, and even to exceed, in the proportion of ten 
to Beven, the sohd contents of all the other planets taken, 
together. Hia apparent diameter varies from 80" to about 
45", according to distance. 

This planet ia considerably flattened at the poles, which 
givea his disc an elliptical outline. The equatorial diameter 
is to the polar one as 1000 to 950, or exceeds it by about 
6500 miles. 

The Hurface of Jupiter, when viewed in the telescope, 
appears to be traversed by a number of shaded streaks called 
belts, which are considered to be caused by openings in tie 
atmosphere of the planet, whereby its darker bodj becomes 
indistinctly visible: this explanation is strengthened by the 
fact that the belts do not reach the edges of Jupiter, but 
terminate at a short distance from them. GoneraUy there are 
two strongly-marked belta, one a little north, and the other 
south of the equator, which is quite free from any appearanw J 
of the kind, being In fact rather more luminous than thoT 
remainder of the disc. Smaller ones are seen nearer to tbol 
poles, and these vary more frequently in form than the equa> J 
tonal belts. The latter are probably of analogous origin t 
the trade-winds upon the Earth. 

Spots of a darker character than the belta have occasionallyfl 
been visible for a few months in the eqiiatorial regions; and ' 
satronomers have availed themselves of the favourable oppor- 
tunities thus afforded for determining the time of Jupiter's 
rotation on his axis. From numerous observations of the 
spots, it is found that the planet is whirled round in the space 
of S"" 56°', which interval is marvellously short when we con- 
fer the vast dimenMons of Jupiter. The length of day and J 




night will average lees than &ve honrs each; nor can this 
undergo any material change, because the planet's equator is 
incUaed little over 3° to the plane of the orbit. For the same 
cause there will he one unvaried seaaon oo any degree of lati- 
tude throughout the year, eKcepting only over a Bmall portion 
of the surface round each pol-e. 

The mass of Jupiter amounts to the 104Sth part of the Sun's, 
and is three times greater than the united masaen of aU the 
other planets. The eiFcct of hia powerful attraction is found 
to be very important when -we examine the motions of the 
small planets which have just been described. Pallas has in 
some years possessed a longer period of revolution, in others a 
shorter one, than Ceres, owing to the attractive influence 
exercised by Jupiter in hia various positions with respect to 
tiiose bodies and their own eomjiarative minuteness. 

Four moons or satellites revolve round Jupiter, in the re- 
spective periods (roughly speaking) of 1'' 18", 3'^ 13", 7'' 4', 
and 16* 16^''. Their discovery has been generally oscribed to 
Galileo, That sateUite which is nearest to the planet is called 
the Jirst, the nest in order of distance the second, and so on. 




Pig. 44. — JupiWr BJid hU four aatollitoa. 

[ The third satellite is the lai-gest of the four; tie second is 
■ about the aiie of our Moon, the other two rather larger; the 
k ^terior one being of similar dimensions to the planet Mercury. 



The mean distance of the first aatellite ia 278,000 miles : 
the second, 443,000 ; of the third, 707,000 ; and of the fourth, 
1,243,000, which ia more than five times the distance of the 
Moon from the Earth. It is interesting to wateh their varioua 
configurations* with regard to the primary, which may readily 
be done with the aid of a small telescope. Sometimes all four 
moons are seen on the same side, or two on one side and two 
on the other. Frequently throe or two only are visible, and 
less often only one ; while on several rare occasions the planet 
has been seen unattended hy a single satellite ; such was the 
case on the night of September 27lh, 1843. 

It was discovered by Sir 'VTilHam Herachel that the four 
moons of Jupiter revolve upon their asis in the same times 
that they travel round Jupitor, precisely as hapx^ens with our 
own Moon. It is probable that this rule applies generally to 
those planets having satellites. The fact was ascertained from 
an attentive examination of the relative brightness of Jupiter's 
four attendants in different positions with respect to their 
primary. 

The satellites also undergo eclqjses hke our Moon, beoaose' 
Jupiter is an opaque body similar to the Earth, and therefor*.'! 
throws a long shadow into space, which hie moons must 
necessarily traverse. These and other phenomena connet 
inth his system will be better undci'stood from a little 
aideration of the figure subjoined. 

S represents the Sun, e f g pnrt of the Earth's orbit, i thd. 
planet Jupiter easting a dark shadow into space, and i r b tln 
orbit of one of the satellites. Now to a apect-ator on the EartiL 
at E, the satellite moving in the direction of the arrows wilj 
enter the shadow at i; it will be invisible, because eclipsed^, 
during its passage from i to e, at which point, being free from 
the shadow, it will again come into view : t is thu point of 

• The conflguraljins ot the satelliles about the mort favourable hour 
for obfterralioa at QtMQvieh are regularly predicted in ^ Nautical; 
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fmrnersron, and e that of emwstort with respect to the shadow ; 
Ksd when the Earth is at e before the opposition of Jupitor to 
the Sun, both points fall some distance from the disc of the 
planet on its western side. In snch a position of our g 




Fig. 45. 
the immcrsionB or entrances of the two exterior satellites 
into the shadow, and their emersions or departures from it, 
can be observed, — obserrationB of this kind being moat prefer- 
able for BBcertaimng the form and position of their orbits. 
The first and second eateUites revolve at so short distances 
from the primary that either their immersions or eraersiona 
must he always invisible, owing to the planet itself being 
between them and the Earth ; this would be manifest were we 
to describe a circle round i with only one-fourth the diameter 
of that actually drawn ; it would then be found that either 
i or e fiiUs behind the planet, according as the Earth is east or 
west of the line joining the centres of Jupiter and the Son. 
BuppoBO the sateUito to continue its course towards r, after 
I fflnei;ging from Jupiter's shadow at c, that is, after the tenid*ij 
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nation of the eclipse ; it will be visible until it reaches thfl 
point d, where a tine drawn from the Earth at e t« the eatellita 
would touch the diac of the planet. At this point it again 
disappears, being hidden from oui view hy the intervention of 
Jupiter himself, and remains eo until it arrives at j-, where a 
line joining the Earth and aatellito comes in contact with the 
other side of the disc, and the satelUte reuppoora. This phe- 
nomesoa is called an oeeultatioa. 

The point e of emersion at an echpse will fall nearer to the 
disc of Jupiter as the Earth advances from e ; when she arrives 
at r, the edge of the shadow where it is crossed hy the satel- 
lite's orbit will coincide with the limb of the planet, and for 
some time after this happens the immersion only con be 
otiservcd. At opposition, the Earth being situate at a, in thft 
line of the stiadow, all edipsea will occur while the eatetlitao 
are occulted or hidden behind the pUinet ; about this epoch, 
therefore, oceultations only are visible. 

The above explanation applioa to the order of the phenomena 
from the time that Jupiter comes into view in the morning 
Bky, after conjunction with the Kun, until he arrives in oppo- 
sition to that body, or, as repreaented in the figure, while the 
Earth is moving towards o, to the west of the line joining a 
and J. After this time, as she advances in her orbit ttirough 
H, I, or as Jupiter, having passed his opposition, appears to 
close' in with the Sun, the eclipses and oceultations of the 
satellites will be ol«erved in reverse order, which may be 
easily shown by making the necessary alteration in the figure. 
The appearances between o and n, and at i, wiU be similar to 
those between e and p, and at e respectively, excepting that 
the immersion of the closer satellites will be invisible while 
the Earth moves from o to n, instead of their emersion as before. 
It should also be observed that at I the oceultations will 
precede the eclipses, instoad of fallowing them, as was the case 
before opposition. 

When a satellite passea through that part of its orbit whiob 
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liee between Jupiter and the Enrth, it crosses over his dise, 
' aomettines appearing like a bright f^t, at others, singular!;^ 
enough, of a dark greyish shade ; and, because its shadow is 
projected into apace to a distance exceeding thut which sepa- 
rates it from the primary, it will, about the same time, fall 
npon the surface of Jnpiter, and traverse it like a BmoU black 
»pot, prictding the satellito hefore opposition, and following it 
after that epoch. These jihcnomena are called the Iransi'C* of 
the tattlUtes and fhetr ehadows. Powerfal telescopea are 
roqiiired to observe them distinctly. 




Fig. 4C. — Jupiler witli Liie sbiidow ot a Satollite upon his disc 

The three interior satollitea are eclipsed in every revolution ; 
but the fourth, having its orbit inclined at a greater angle to 
that of its primary, sometimes escapes occnltation and eclipse 
. for several anoeessive periods. 

It was the attentive examination of the edipses of Jupiter's 

BsteUites, at different distances of the planet from the Earth, 

that led Riimer to discovor the progressive transmission of light. 

He found the observed times of the eclipses were, on some 

asions, earlier, and on others later, than the calculated times, 

I Mjd eventually ascertained that the difference depended upon 
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the distance of Jupiter from tfce Earth. This circumstanoft 
eonTioced him that light is not inatantaneoualy transmitted 
through apace, though its velocity was shown to be almost in- 
conceivahly great, heing more than 190,000 mileB in a second 
of time. Eomer'a conclusion htis since heen verified by other 
methods. 

TTie Planet Saturn. 

Saturn follows Jupiter in order of distance from the Sun, 
hut is separated from him hy a space of 414 millions of miles, 
being somewhat under 910 millions distant fiijm the solar orb. 
The period of revolution ia 10,769 days, or 29^ years ; and he 
moves at an average rate of 22,000 miles per hour, or 6 miles 
per second. 

The apparent diameter of this planet, when nearest to the 
Earth, is about 18", the real mean diameter 73,000 miles ; but 
as there is a sensible flattening at the poles, the diameter in 
that direction falls short of the equatorial one by about 5000 
miles. The volume is 770 times greater than the Earth's, 
and the mass about 3500 times leas than that of the Sun. 

Saturn revolves upon liia axis in 10'' 16"°, which is a little 
longer than in the case of Jupiter. The axis leans towards the 
orbit about 63°, and the Sutumian equator and our ecliptic 
are therefore inclined to each other 29°, the latter heing inter- 
sected by the former in the 17th degree of Virgo and FiscM, 
or (which amounts ia the same thing) in longitude 167° an! 
347°. 

The Bur&oe of Saturn is usually traversed by dusky belt% 
of a le^ distinct and definite appearance than those we 
upon Jupiter. His equatorial r^ons are brighter than the 
other parts of the disc ; the poles especially are less luminous. 
The shaded streaks have a greenish-hlue tinge when viewed 
under favourable circumstances. It was by watching their 
configuration at different times that Sir W. Herschel discovered 
the length of Saturn's axial revolution. 
t The most remarkable peculiarity about this planet consista 
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in the existence of Beveral bro&d and fiat COQcentric rings, 
■vliich HuiTound it in the plane of ita equator. Some doubt* 
exist amongst astronomers at present with regard to the num- 
ber of rings ; but in ordinary telescopes two are conspicuous, 
and of nearly equal brightneas with the globe of Saturn. The 
interior one is the widest, and appears to be separated from 
the other by a narrow black line. Similar fainter lines have 
been occa:3ionally remarked on both rings, which circumstance 
has induced thcauBpicion that tbey may be composed of several 
narrow ones. Between the interior bright ring and the globe 
there has been lately detected another darh ring, only dis- 
cernible in powerful instruments. This obscure zone is of a 
purplish colour, while the luminous rings are yellowish, like 
the planet itself. 

The true form of the rings is no doubt very nearly circular ; 
but, owing to our always viewing them foreshortened, they are 
oval or elliptical when the Earth is above or below the plane, 
and appear, if visible at all, like a single black line crossing 
the disc when we are in that plane. 

There is no change in the true position of the rings during 
Saturn's revolution round the Sun ; they remain continually 
parallel to themselves. 

The plane of the rings is inclined 28° to the ecliptic, and 
intersects it at present in the 18th degree of Virgo and Piaeea ; 
the former point is called the ascending node, because the 
Earth there ascends from beneath the plane of the rings to 
their northern side. 

The various phenomena of Saturn's ring will be easily un- 
deiBtood from the annexed illustration, where s is the Sun, 
T the Earth (her orbit being represented by the smaller ellipse), 
and A, B, o, D, &c. different positions of the planet in its orbit. 
How when Saturn is in the position a, corresponding to the 
18th degree of Virgo, the Sun ia in the plane of the ring at its 
ascending node, and therefore only shines upon its narrow 
I e^e, which causes the ring to be invisible except in 



powerfol teleBCopsB that have been hitherto constructed. As 
Satnm advances, more and more of the norfAem surface of the 
tiug cornea into view, the ellipse into "which it is projected 
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Fig. +7. 
growing wider and wider, until the planet arrives at c — 
or ono-fourth of the circumference, from the ascending node 
at i; the Earth is then elevatod 26° above its plane, and as 
this ia the amount of inclination between the plane and the 
ecliptic, we view the ring as much open as it ever can be, the 
longer diameter of its elliptical outline being then pretty exactly I 
double the shorter one. After the planet passes c, it draws 1 
nearer to the opposite node of the ring; we see less and less 
of the northern surface until it finally closes in at the point b, 
corresponding to the 18th degree of Piacee, The Sun ia now 
in the plane of the ring fur the aecond time, and it becomes 
inviftible for the same reason as before. Saturn moves on 
through p to G, and in the mean time exposes more and more 
of the southern surface of the ring to our view ; at a, distant 
90° from the descending node, it will be most open ; for the 
Earth is then depressed 28° below its plane. From this point 
it gradually closes in again until Saturn completes its revolution, 
and once more comes to the aode at .a.. 



The enccessive appcaranoes of the rings are reprcsonted in 
the following diagram, whore the letters correspond to the 
situations of the planet in the ahove figure. Wo see that the 
rings arc most open, 

and therefore more C^ ^^5^ C?l^ < «Ote ? 
• dr.nt.Ecou.ly A B C D 

seen, when the 

planet is situate f\ ,A, cT^) <^> f^ 
about the middle ^-^ ^^^ ^<~J^ ^-^^^ \^ 
of Gemini and Sa- ^ ^ ^ ^ ^ 

gittarius, and aro ^8' ^■ 

invisible when it is in the middJo of Virgo and Pisces. The 
northern surface is turned towards the Earth during Saturn's 
progress from Virgo to Pieces, and the sonthem surface while 
he moves from Pisces into Tirgo. The period of revolution 
being nearly thirty years, we see each side of the rings alter- 
nately for about fifteen yeara or rather less. 

The general aspect of tho rings is pretty much the same 
whether viewed from the Earth or the Sun ; hut the motion of 




Kg. 49.— Saturn and his Binge in J850. 
the former in her orbit, which is slightly inclined to that 
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of Saturn, gives rise to certain phenomena of the rings aa we ' 
see them.tliat would not be witnessed by an observer placed upon 
the Sun. Thus it usually happens that there are two, if not 
three, disappearances about the time of the planet's amval at 
the nodes. The plane of the ring may not pass through the 
Earth and Sun at the same time, but the ring may be invisible 
under both conditions, because its edge only will be directed 
towards us. It is also inyiaible when the Earth and Sun are 
on opposite sides of its plane — a state of things that may con- 
tinue a few weeks ; in this case we have the dark surface turned 
towards mir globe. In very powerful telescopes it has been 
found that the disappearance of tbe ring is complete nnder the 
latter condition ; it has, however, been perceived as a faint 
broken line of a dusky colour, not only when the Son is in its 




Kg. 50. — Batum without Ms King ; its shadow onij visible. 

piano, but likewise when its edge is directed to the Earth. 
Our remarks must be considered as applying to observations 
with telescopes in common uso. 

By watching several small InmiDons prominences npon Qib 
ring. Sir William Herschel ascertained that it rotates round 

ft globe of Saturn in lO** 32™ 15', in the same direction as 



the planet rerolves upon its axis. It Iibb further been dis- 
covered by exact meBsurement, that the globe, or ball as it is 




Pig. 51.— Sstuni on Sept. 14, 1848. as viewed in a 0-feet lelcscopo. 
generally termed, is not precisely in the centre of the ringSi 
though ao nearly concentric with them that the eye cannot 
readily perceive aay deviation. The rotatory motion and slight 




rig. 52. — The Kijig visible as a broken line, 
eecentricity of the rings are known to be esBontial for their 
Btabihty, as otherwise they would be liable to collapse or fall 
upon the planet's surface. 



Wien the rings are most open, the light reflected hy them 
adds considerably to tho hiilHancy of Satom. In these lati- 
tadoB his lustie is greatest whilG he is traversing the aiga 
Gemini, and almost places him on an equality of hrigbtness 
with the fiery planet Mars. 

The exterior edge of the outer ring ia about 85,000 miles 
distant &om the centre of the globe of Saturn, and the interior 
edge of the inner ring 57,000 miles from the same point, or 
18,500 from the auriaee. 'ITie exterior ring ia 10,000 milea 
broad, the interior one 16,500, The obscure ring lies, as before 
stated, within, the nearest of the bright ones. It appears pro- 
bable that the thifhnfga of the rings does not exceed 100 or 
150 miles at moat. 

Besides the rings, which must serve to reflect a certain 
unount of bght upon bia surface, Saturn is accompanied by 
eight satellites to illumine the darkneas of bia short nighta. 
Their periods vary from 0"^ 22;j'* to 79'' &, and their mean 
distances are between 118,000 and 2,270,000 miles. The 
^rst and Mcond, reckoning from the primary, were discovered 
by Sir WiUiam Herachel^the former in 1789, the latter two 
years earlier; they are excessively minute objects, perceptible 
only in very powerful telescopes. The third, fourth, a-ni fifth 
were found by Cassini, a French astronomer, in 1672 and 
1684 ; tbey are much brighter than the Hcrscholian satellitee, 
but yet require pretty good instruments to be distinctly seen. 
The tixth, discovered by Hnyghens in 1655, ia the largest and 
brightest of the eight, being little inferior to the planet Itfars 
in size. The sevenih was very recently discovered (in 1848) 
by Mr. Lassell, in England, and Professor Bond, ia America; 
like the interior aatellites, it is eJttreroely difficult to observe, 
^e eiffhfk or exterior moon is nest in magnitude to the ahrth, 
and is tolerably conspicuoua ; its orbit is conaiderably inclined 
to Saturn's equator, and therefore to the plane of the rings, i 
wbereaa tbe others revolve very nearly in that plane, 
attentively noting the brightness of this satellite in its varioos I 



' no imAinra. 

positiona with respect to Saturn, Sir W. Herschel discovered 
that it rotates on its axis in the same time that it completes a 
revolution round the primnry, and this in supposed to be the 
case also with the other seven. 

To obviate some confusion in the nomeacJature of the satel- 
litea. Sir John Horechel has proposed for them the following 
names, beginning with the one which is nearest to Saturn; 
Mimas, Enceladus, Tcthys, Dione, Rhea, Titan, Hj-pcrion, 
Japetua, These names are now universaUy adopted. 

The Planet Uranus. 

TTranus was discovered by Sir William Herschel on the 13th 
of March, ITSl.whiloho was occupied in a close examination of 
the small stars lying near the ecliptic. Having noticed one 
■which seemed to have a sensible breadth, unlike other objects 
in its neighbourhood. Sir W. Herschel watched it attentively, 
and soon ascertained that it was in motion, though at a very 
alow rate. Some doubts cidsted for a short time after the dis- 
covery as to the nature of this object, but in a few months it 
was acknowledged to be a new member of the planetary system, 
outside the orbit of Saturn, which had been previously consi- 
dered the boundary of the same, and, on the suggestion of 
Professor Bode, received the name Uranus, Ithas sometimes 
been called the Gnorgium Sid-as or He^'gchel, the former being 
the designation proposed by the discoverer; these names, 
however, have now fallen into disuse. 

The planet may be just discerned by a person gifted with 
strong sight, without the telescope, in a perfectly dark sky, if 
its exact position in reference to the surrounding stars be 
known to him. Since its movements were understood, astro- 
nomers have been able to show that Uranua was obserx-ed by 
Flamsteed, the first dirootar of our Royal Observatory, on 
several occasions between the yearslfiSO and 1715; by Mayer 
at Giittingen in 1756 ; and by Le Monnier at Paris on twelve 
nights between 1760 and 1771 — all of whom imagined it to be 




a. fixed star. The honour of the discoTery was therefore reserved 
for Sir Williain Herschel. 

Unmua revolves round the Sim iu 30,687 days, which is a 
little over 84 years, at a meaa distance of 18^9 miUioiis of 
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milee. His mean velocity is 15,6i}0 miles per hour, or 4 
a second. 

The apparent diameter of this planet nover varies mnch b 
four secoads ; yet were it separated from us by only the dista 



^H bet 
^f bn 




I 



113 

between the Eartb and Sun, it would present a visible 
breadth twice as great as that of Jupiter. The real diameter 

about 36,000 nules, and the aohd oontente or volume 96 
times greater than the Earth's. The Suu'b mass exceeds that 
of tTranus 21,000 times. 

No telescopea hitherto constructed have succeeded in showing 
any spots or belts upon thin planet, owing to Its enormous 
distance, and the consequent minuteness of its disc. The tame 
of rotation, and the position of the axis with respect to the 
orbit, are for this reason naiknown to us, and likely to re- 
main ao*. 

Sir W. Herechel supposed ho had seen six aatellites to Uranue, 
and gave a table of their periods and distances &om the primary, 
which, for want of more observations, were rather conjectared 
tiian inferred by direct calculation. More recently, four little 
moons have been satisfactorily observed with some of the large 
and powerful instrumentfi in. European observatories, and are 
named Jriei, VmhrUl, Oheron, and Titania. The two interior 
satellitea are &,t more difficult to see than the others, which 
are comparatively bright ; but no telescopes of ordinary ea- 
padQ' will afford the slightest glimpse of any one of the four. 
It is a curious fact, that the course followed by tho eatellitea 
of Uranus is retrogj-ade, or contrary to that of the Earth in her 
orbit ; their orbits, however, are inclined at a large angle to 
that of the primary. 

TJie Planet Neptune. 

The discovery of the planet Neptune forms a memorable 
epoch in the history of astronomy, not only as affording a re- 
markable confirmation of the truth of tho Newtonian laws of 
gravitation, hut an eqnally striking proof of the advanced state 
of mathematical reasoning at the present time. 

The circumstances attending this discovery were brieily as 

• The letiglli of rotation (9'' 
purely conjectural, nnd does m 
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foUowB : It liad been noticed for many yeare that the moticiiL 
of UranuB was not exactly Huch as it was calculated it should 
be, after taking into account all known causes of disturbance. 
Two young mathemati<iuiH, M. Le Vcrrier of Paris, and Mr. 
Adams of Cambridge, England, were induced, unknown to each 
other, to inquire into the aouroe of this apparent anomaly, and 
were soon led to conclude that a planet of considerable mag- 
nitude must eiiat outside the orbit of Uranus. Their next 
object wits to ascertain the position of tho planet amongst the 
stars, with a view to its actual discovery in the telescope ; bnt 
the problem to bo solved was one of excessive difficulty, so 
much BO, in fact, that several of our most eminent astronomers 
had declared their conviction that tho place of the latent planet 
could never he discovered by calculation. 11. Le Terrier and 
Mr, Adams were of a different opinion, and finally sncceedod 
in their researches, which assigned nearly the same position 
to the body whose influence had been so visibly exercised 
on the movements of Uranus. Mr. Adams, however, did not 
make his conclusions public through the press, and much of 
the first glory of this great discovery was consequently given 
to the French astronomer, who had announced the position of 
the new planet to the Academy of Sciences at Paris in the 
summer of 1846. On the23rdof September of the same year. 
Dr. GaUe of the Royal Observatory, Berhn, acting upon the 
urgent representations of M. Le Verrier, contained in a letter 
which reached Berlin on this date, turned the large telescope 
of the observatory to that part of the heavens in which M. Le 
Verrier had informed him he would find the disturbing planet. 
Hardly was this done when a pretty bright telescopic star ap- 
peared in tho field of view at a point whore no such object was 
marked in a carefully-prepared map of that part of the heavens. 
This proved to be the predicted planet, named by the common 
conaent of M. Le Verrier, Mr. Adams, and the chief astro- 
nomera of Europe, the planet Neptune. 
m XhoQgh ila discovery is of ai> recent a date, the priiici|Ml J 
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eircimiBtances relating to the moTements of the planet hare 
been ascertained with some d^ree of precifdon, great assist- 
ance being deriyed from two observations in the year 1795 
by a French observer^ M. Lalande, who on both occasions 
mistook it for a star. The period of reyolntion is 60,113 days, 
or a little over 164^1 years, which is twice the period of Franns. 
The mean distance of the jdanet from the Snn is no less than 
2864 millions of miles ; upwards of 1000 millions beyond the 
path of Uranus ! 

The real diameter of Neptune is 35,000 miles, though at 
his enormous distance from the Earth it appears so smaU. as 
to be scarcely of appreciable breadth without a first-rate 
telescope. His mass is about la^oo^ ^ P^ ^^ ^^® Sim's. In 
point of magnitude and attractiye power, we see that Uranus 
and Neptune are not very different. 

One satellite, discovered by Mr. Lassell of Liyerpool, is known 
to attend this planet. It revolyes round the primary in 
5^ 21*^, at a distance of 230,000 miles, and, as in the case of 
the satellites of Uranus, in a retrograde direction. 

Neptune is the furthest planet actually known to exist. 
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^T"^*'^ THE COMETS. 1^ 


i 


Comets differ in ao many respects from planets, ^^Jf^ 
that, beyond the facts of their belonginj; to the same ayatem 
and obeying in their motionn the same kwa of gravitation, tliere i 
is little analog between them. ^^m 

Comets are observed only in those parts of their orhita whiok ^^| 
ore Dearest to the Ban. llioy are not confined, like the lai^er ^^^| 
planets, to the zodiac, but apjiear in e-f^ry quarter of the heaveiu,^^^! 
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lis THE COVETS. 

and move in every possible lUreotion. They usually continue 
TiBible a few weeiw or moaths, and very rarely so long aa a 
year. Their appearance, with Bomo few eiceptiona, ib nebulous 
or doud-Iiko, whence it is inferred that they consist of masBea 
of vapour, though in a highly attenuated state, since very 
small stars aro often seen through them. 

The more conspicuous comets are accompanied by a tail, or 
train of light, vrhich sometimes stretches over an arc of the 
heavens of 50° or 70° or upwards, but more fiy;quently is of 

' much less extent. 

I It is necessary to draw some distinction between those great 
oometa recorded in history as having created astonishment and 
terror from their briUiuncy and magnitude, and that faint, 
filmy, but far more numerous class that can only be discemod 
with telescopes. The same body may assume very different 
appearances dunng its visibility, according to its position 
with respect to the Earth an.d Sun. When first perceptible, a 
comet resembles a little spot of faint hght upon the dark 
ground of the sky ; as it approaches the Sun, its brightness 
increases, and the tail begins to show itself. Genorally the 
comet is brightest when it arrives near its perihelion, and 
gradually fades away on its recession from the Sun, until 
it becomes quite imperceptible with the best telescopes we 
possess. 

Some few have become so intensely brilliant as to bo seen 
in full daylight. A remarkable instance of this kind occurred 
in February 1843, when a comet was discovered in various 
parts of the world within a few degrees of the Kun himself; 
and there are one or two similar instances on record. 

The brighter or more condensed part of a comet, from which 
the tail proceeds, is called the nuelma ; and the ncbulons 
matter surrounding the nucleus is termed the coma ; frequently 
the nucleus and coma are included under the general term 
head. Some comets have ao nuclei, their light being nearly 
uniform. ^^_ 



The tail almost always extonds in a direction opposite 
that of the Sun at tiie time — a fact first noticed by Apian in ( 
the sisteenth century. In some it is long and straight ; in 
othcra, curved near the extremity, or divided into two branches. 
A few have exhibited 
two distinct tails. The 
real length of this 
train has sometimes 
exceeded 100 or 150 
millions of miles ; that 
of the great comet of 
1843 is said to have 
been 200 raillioas of 
miles long. 

It is supposed that 
tho general form of 
the orbits of these 
bodies in a highly 
elongated or excentri- 
oal ellipse, a unrve 
which is very difficult to manage in calculation. 

Astronomers have ascertained with great precision the periods 
which certain comet* require to perform their revolutions 
round the Sun, and are able to predict the times of their 
becoming visible from the Earth, and the tracks they rauat 
follow amongst tho stars. This was first done by Dr. Halley, 
in the case of a comet observed in 1682, which he discovered 
was the same that had appeared in 1456, 1531, and 1607, and 
hence concluded that its revolution was accomplished in about 
seventy-five years. He foretold its reappearance in 1759, 
which actually took place after a. retardation of between one 
and two years, through the attraction of Jupiter and Saturn. 
The same body was watched with groat interest in 1S35, and 
will again visit these parts of space about tho year 1911. It 
may be traced in history as far back as the year 11 
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A comet called Enekf'i haa a period of 3^ years ; another, 
Biela'e, of 6J years ; and several others perform their reyolu- 
tions in from five to eight yearn. 

ITierB arc Bome few comets, boaidea the one above mentioned, 
which complote i 
th eir j ournoy round 
the Sun in from 
sixty to eighty 
years: but it is 
certain that by fur 
tbe greater number 
nqnire hundreds 
or cren thousands 
«f years to perform 
their rerotntions, 
Whott this IB the 
case, it bocomee 
almost imp issible 
to asuign their exact 
periods, the diffi- 
culty increasing as 
the times of revo- 
lutiou lengthen. 

Remarkable Pig- M. The Comet of Halley, 1835. 

comets appeared in 1680 and 1843, both of which approached 
80 near to the Sun as almost to graze Kig gurfaee. Anotlier, 
in 1729, scarcely advanced within the orbit of Jupiter. The 
comet of 1811 has acquired groat celebrity: it remained 
visible to the naked eye several montlis, shining with the 
lustre of the brighter stars, and attended by a beautiful fen- 
shaped toil ; this body is supposed to require upwards of 3000 
years to complete its excursion through space. 

The splendid comet of 1858, generally known aa Donati's, 

will long bo remembered for the remarkable physical appear- 

I ances it presented in the telcBcopc, aa well as on account of ib 
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imposing aspect to the naked eye. It is pTosnmed to have a 
period of revolution of about 2100 years. 

Hardly lesB famous in future times will be the grand comet 
wHch suddenly became visible in Europe at tbe end of June 
1861, but which was detected ao early as tke middle of May 
by Mr. Tebbutt, an amateur astrouomer rGsiding near Sydney, 
New South Waloa. This comet was accompanied by a tail 
100° in length. Its period of revolution would appear to be 
much shorter than tbat of Donati'a comet, probably not ex- 
ceeding 450 years. 

It may be assumed that there are many thousands of comets 
belonging to the Solar system, of which a large proportion never J 
eorae sufficiently near the Run to be seen &om tbe Earth. 



THE ZODIACAL LIGHT. 

The zodiacal light, as seen in this country, is a faint lumi- 
nosity of a lenticular or conical form, which makes its appear- 
ance above the western horizon in the spring, and the eastern 
horizon in the autumn, shortly after sunset, or before simriae, 
that is, during the continuance of twilight. It stretches 
upwards newly in tbe direction of the ecliptic: the average 
breadth at the base ia about 20° ; the vertex sometimes occupies 
a position 90° distant from the Bun's place at the time, but 
more eommonly is not traeed so far. 

The true nature of this phenomenon is not yet understood. 
By some it has been regarded as a kind of nebulous envelope 
attending the Sun, and including within its boundaries the 
orbits of Ucrcury and Venus, and even that of tho Earth. 

In tropical climates the zodiacal light is much more con- 
flpicaous than in the temperate zone. Humboldt describes it 
as perpetual near the equator, wherecis its visibility in this 
country is vory irregnlar. In some years it may be observed 
almost every dear evening between January and April, in 
others it is only dimly seen early in March. 



120 iXROLITES, FIBE-BAUA, ilTB BHOOTrtfO-BTAM. 

Our oountryTnan Childrey first drew the attention of astro- 
nomers to the zodiacal light, in a work published about the 
year 1660. He considered it a new discovery ; but there is 
strong reason lor supposing that It was remarked many centurie* 
prior to this date. 
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iEEOLITES, PIBE-BALIS, AND SHOOTING-SI ABS. 
TO* Periodical MeUore of August and November. 
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Aerolites, or meteoric gtones, are extraneous bodies which 
oocaBionaUy fall upon the surface of the Earth. In their descetit 
they usually exhihit an intensely brilliant light, and are 
accompanied by a report resembling the dischai^ of cannon. 
Largo stoneB or fragments of stones biiTo boon picked up fi-om 
time to time after occurrences of this nature; they are often 
deeply imbedded in the earth, which proves that they miut 
bare descended with prodigious force. 

These bodies are now very generally considered to be frag- 
ments traversing the planetary spaces, and at times drawn by 
the Earth's attraction to her surface. A chemical analysis of 
their contents strongly favours the supposition of their being of 
foreign, or, so to speak, aBtronomical origin. 

In two or tiiree instances attempts hove been made to 
ascertain the kind of path followed by aerolites. Their alwolute 
velocities in space are found to exceed oven the rate at which 
the Earth travels in her orbit. An aerolite which traversed 
France on the 6th of July 1850, was computed to bo moving 
with a velocity of more than forty miles per second. Such 
results, however, are liable to great uncertainty, because the 
appearance of the meteor is very sudden, and of course unex- 
pected, BO that it is difficult to procure satisfactory data upon 
which to calculate. 

It is quite possible that, under certain conditions, 
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aerolite might become, for a tim« at least, a satellite of tha 
Earth. 

Skooting-siars are those evanescent meteors which dart 
across the sky at night in all directionSj and generally leave 
behind them luminous trains visible some seconds after the 
extinction of the brighter part. F^re-balh arc a larger and 
more brilliant kind of meteor, far less frequently observed than 
the shooting-stars, which may be aeen almost every clear night. 
Muny of these objects would appear to be merely of atmo- 
Bpheric origin, since they are usually numerous in certain 
states of the weather, especially in clear intervals after showors 
of rain, with a strong wind blowing at the timo. A siagiJar 
regularity or periodicity has been remarked in the recurreaoe 
of the greater exhibitions of shooting-stara, which has induced 
some astronomers to regard them as bodies of a cosmical nature 
circulating in the planetary spaces, and ignited, or at least 
rendered visible, by their passing throi^b the Earth's atmo- 
sphere. It has been noticed that about August lOth and 
November 13th such meteors have appeared for many years 
together in extraordinary abundance, and, with comparatively 
few exceptions, affect particular points of divergence in the 
heavens, as they should appear to do if they be really extra- 
neous bodies encountered by the Earth in the course of her 
revolution round the Sun. 

In order to explain the occurrence of meteoric showers on 
the same days of the month for several consecutive years, it is 
obviously necessary to suppose that great numbers of meteoric 
bodies are revolving about the Sun in orbits which intersect or 
meet our own in the regions of tbe ecliptic through which we 
pass on those days. 

In addition to the fact of their diverging from certain fixed 
points amongst the stars, the velocities of tbe periodical meteors 
of August and November, which average from ten to twenty 
miles per second, are regarded as strongly favouring their 



1 



TSB FJZKD BTABS. 



THE FIXED STAE8. 



0/ Iht gtart generally. Numhtr visiJile to the 
TeUteopie Stars. 



le naked etft, » ^B 



^^^H ThoBe glittering points of light so profusely BCattered over 
^^^^1 the skj in all directiona, which arc included under the geaeral 
^^^^P term of Jhmd start, are believed by astronomers to he eana 
^^^^P like our own, which afford light and heat to ^other systems 
^^^™ of worlds drcnlating round them. They must be Belf- 
luminous ; for no light reflected from our Sun could render 
them visible at the enormous and almost mconceivahle distances 
at which they are situated in respect to the solar system. 

Though termoA^xed stara, it may doubted whether there is 
really, in the strict sense of the word, a fixed star in the 
heavens. The term is used comparatively, to distinguish them 
from the planets, which are continually changing their places. 
And further, the term wiU apply very correctly to the stors as 
Uiey appear to the naked eye ; for it is probable there has been 
no sensible change in the configuration of the heavens so 
viewed during the past 200& years. The telescope is required 
to detect those small movements which most of the stars possess, 
and which will be explained in the sequel 

The discs presented by the stars, under telescopic examina- 
tdon, are not real but spurious oues, arising from the dispersion 
of light in passing through the Earth's atmosphere. The 
actual site of any star is not tnown. 

The scintillation or twinkling of the stare, which contrasts 
BO strongly with the steady light of the principal plauets, is an 
optical phenomenon supposed to be due to what is termed the 
interference of light. Humboldt, the celebrated traveller, states 
tiiat in the pure air of Cumaaa, in South America, the stars 
do not twinkle after they attain an elevation, on the average, 
of 15° above the horizon. 

The actual number of stars visible to the naked eye at the 
■ame time, on a clear dark night, is between 2000 and 3 
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tliougti a person forming an estiniate of their niimber from j 
caiiuai observation is almost certain to make it wry much 
larger. It is a weU- ascertained fact that, in Ae whale heaveta, 
the stars which can he distinctly seen without the telescope, 
hy any one gifted with good sight, do not exceed (5000. 

The tetescopic stars are innumerable. It has been con- 
jectured that more than twenty TaiUions might bo seen with 
one of the Herschelian twenty-feet reflectors ; and if we could 
greatly increase the power of our telescopes, there is no doubt 
that the number actually discernible would be vastly aug- 
mented. 

CtasmJUation in Magnitudt*. 

The stars ore divided, according to their degrees of bright- 
ness, into separate classes called w-ognitudes. The most con- 
spicuous are termed stars of tha Jir»l magnitude : there are 
about 22 Bo classed. The next in order of intensity of light ore 
stars of the second magnitude, which amount to about 50 or 60 
in number. Of the third maguitade there are 200 or upwards, 
and many more of the fourth, Afth, and sixth. These six 
classes comprise all the stars that can be well seen with the 
naked eye on a clear night. Tcl«scopcs in common use will 
show fainter stars to the tmih magnitude inclusive, while the 
poTerfiil instruments in observatories reveal an almost infinite 
mnttStnde of others, even down to what have been considered 
eighteenth or twentieth magnitudes. 

This arrangement of the stars, especially of the teleecopio 
ones, is purely arbitrary, so that it is not unusual to find 
lers differing greatly in their estimates of brightness. 






THE CONSTELLATIONS. 



For the sake of more readily distingoishmg the stars, and re- 
ferring to any particular quarter of the heavens, they have 
B divided or arranged into groups called comtdlationt, each 



one having some apocial figure to which the coaliguration of 
its starB may be supposed to bear a resemblance. Many are 
figures of birds and animals ; the classical heroes, &c. of anti' 
quity hare also been brought into requisition. 

Tiiia fanciful mode of grouping the stars is of very ancient 
date, but has been continued by modem astronomerB chiefly 
for the sake of avoiding the eonfuaion that might arise from 
an alteration in the old system, and not on account of any 
peculiar advantages which it possesses. 

There are twelve constellations lying upon the zodiac, and 
hencecalled the iiK^iacairoiMfellafions, viz. Aries, TauiaujiGenuDi, 
Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, CopricomuB, 
Aquarius, Pisces. These are also the names of the twelve divi- 
uons of 30° each into which the ecliptic was formerly divided ; 
but the effect of precession, which throws back the place of the 
equinos amongst the stars from year to year, prevents a con- 
stant agreement between the directions of these twelve con- 
stellations and the correaponding signs. 

The principal constellations in the northern half of the 
heavens, in addition to such of the zodiacal ones as Ue north 
of the celestial equator, are : 
Ajidromedo, CBseiopeii, I>raco. Fenoua, 

Aqiiiia, Ci?pbeua, Herculoe, Ursa MiyoF, 

Auriga, Corona Bo realis, Ljra, Ursa Minor. 

Bootes, Cygnus, pBgnaufl, 

The principal constellations situated on the south side of 
the equator, exclusive of the six southern zodiacal ones, aio : 
Argo Navia, Cetus, Ophiuchua, 

Catiii U4J0F, Crux, Orion, 

CaiuB Minor, Eridanus, Fiioii A 

Contaoros, MOnooeroH (chiefly Bouth), 

Others will be fonnd upon celestial globes and charts, rdsing 
the total number of constellatious at present reoognisied by 
astronomers to about eighty. 

It should be remarked that, with some few exceptions, It is 
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difflciilt to trace any aimilarity between the configuration of 
the stars and the figure withia which they aro included. 
Ursa Uajor, howover, has soiac little rescinblanco to a bear; 
Leo to a Hon ; Corona £orealis to a crown ; and the bright 
stars of Scorpio to the body and tail of a scorpion. 

I Me&ods of distinguishing the Stan from each other. 
Star- Catalogues. 

Many of the brighter stars had proper names aligned to 
them at a very early date, as Sirius, Areturug, Sigel, Aldebaran, 
&c., and by these names they are BtUl commonly distbguiehed. 

It was the ciiatora in former times to indicate the locality 
of a star by its position in the constellatioE to which it belonged 
— thus Aldebaran was called Oeulits Tam-i, Eigel Oritiaigptt 
lueidus, and so on ; but as the science progressed, this method 
■was found to be extremely tedious and troublesome, besides 
being frequently liable to misconception. Bayer, a German as- 
tronomer, was the first to improve upon the old plan by publish- 
ing, in 1604, a series of maps of the heavens, in which the staia 1 
of each constellation were distingaishcd by the letters of ihe I 
Greek and Roman alphabets, the brightest being usually called I 
a, the next (i, and so on, though there are exceptions to this I 
rule. Buyer's letters are yet in common use amongst astro- 1 
nomers, who odd the Latin name of the constellation to which ] 
a star appertains in the genitive caae : thus, Aldebaran is 
termed a Tauri ; Rigel, fi Ononis ; Siriua, a Canis Kajoria. 
Flamateed, iiio first Astronomer Itoyal at Greenwich, affixed 
numbers to the different stars he observed, which are also much 
used at the present day. 

Catalogues of stars have been formed at various times, i 
which are indicated their right ascensions and declinations ' 
for a certain epoch, Hipparchus is believed to have been the 
first who undertook such a compilation ; his catalogue included 
rather more than 1000 stars, and has been preserved to us in 

^Almageil of Claudius Ptolemy. Some modem catalogues 
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contain a mnoh larger number of stars, and the entire numbOT 
tabulated at the present time amounts lo several hundreds of 
thoosands. 

It ia usual to arrange the stars in the order of their right 
asconaions at the epoch of the catalopie, attaching numbers 
for eonvenience of I'eforence. 



EKMAHKABLK GROUPS OF STAES. 

Amongst the most conspicuous groups of stars in the northwn 

hemisphere are the seven bright ones in Ursa Major, popola^ 

known as Oharla's Wain, or the Butcher's Cleaver. Tlw 

form the outstretched tail and hinder part of the body of thfl 
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-The Sevan bright Stan in Ursa Major (Charlee's Wain). 
Great Bear, They are in the north at midnight about the end 
of September, and nearly vertical in London at the SBDie hoar 
towards the end of March ; but as all the seven stars are di- 
stant from the pole by a less number of degrees than are con- 
tained in the latitude of the place, they never descend below 
the horizon, and are consequently to be seen at all hours and 
at all times of the year in some part of the northemhalf of the 
heavens. Twoof theataraiiithisgronp(aand/3Ur8ieMsjoris) 
have received the name of the Pointers, because a line drawn 
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through them and extended aomo ilistaace, passes very near to 
the pole of the equator, and wittin a few degrees from Po- 
laris or tiie North Pole star, which they afford an easy means I 
of idenliljing, 

CaSKiapeia, anolher constellation which neversets in Englar 




Fig. 5S.— CaMiopoift. 

e stars in the form of a W. It is in the north ' 
between the Pole-star and the horiBon at 10 o'cloct in 
evening early ia April, and not far from the lenith at the I 
same hour about the beginning of October. 

An equally conspicuous, and fur more beautilul assemblago | 
of stars is presented in the -corurtellation Orion which lies 
chiefly below the cdestial equator. It is in the wmlh at mid- 
night in the middle of December, and at 10 o'clock in the 
srening a month later, wbctk it is easily recognized by the 
three stars in the holt of the giant, situate as in the figure. 
To the left of Orion, and a little below it, is then seen the star 
fiirius, which far surpasses all others in brilliancy. 

The Square of Pegams is formed by four moderately bright 
stars, which appear at a considerable altitude above the horizon 
in the southern quarter of the sky about 10 in the evening in 
the middle of October. 




Fig. 50.- 

Btollation Orioa. Tte naked eye discerns b 
n the telescope upwards of two hundred are 

A little below, and to the left of Iho Pleiades, is a wedge 
of stars called the Hi/aila, of which Aldebaran is the conspi- 
cuons member. 

In the southern heavens there is a beautiful group of 
stars caUed the Southern Cross, consisting of four bright 
onee and others of less magnitude. It was visible in Eng- 



land 4000 years ago 
remote period has 
broiight it 80 muth. 



southern celestial 
pole, that at thr 
preaent time it 
never ap 
above our horizon 
A practice 
knowledge of tlie 
eonstpllations ge- 
nerally is best ac- 
quired hy the help 
of a globe, or a 
series of cborls, 
which the jomiH 
aBtronomer should 
oom[>are with the 
bearena. 



but ihe offfct of preceaaion aince this 
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The Poh-slar 710I always the same. 
The star of the third magnitude (a) in Urea Minor, whieh,. 
from its proximity to the north pole of the equator, ia called 
Polaris or the Pole-star, has not always occupied the proininent 
poeition it does at present. lu the days of Hipparchua it wa« 
12° from the pole, whereas its distance ia now less than 1^°, 
and will diminish until it comes within j° ; the star must 
then recede from the pole, and give place to another claimant 
for the honour of being our polur star. 

Four thousand years before the Christian era, when thn 
pyramids of Gizeh are suppoaed to have been erected, a Dra- 
eonis was the nearest conapicuoos star to the north pole. In 
twelve thousand years from the present date the bright star 
Vega in Lyra will approach withm 5° from the same. These 
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changes arise from the revolution of the pole of the equator 
round that of the ecdiptic in the lapse of about 25,000 years. 

The south pole ia not marked by the presence of so bright 
a star as the opposite one. It fulls in the constellation Octans, 
near v, a star of the eixth magnitude only. 

Biatanee of the Fixed Stars. 

ThG distance of the stars is a subject which has nata- 
rally engaged the close attention of astronomers, ancient 
and modem ; but all their efforts to arrive at anything like a 
satisfactory conclusion have failed until within a very recent 
period. In treating of parallax, it has been stated that the 
etara appear in precisely the same positions from whatever 
part of the Earth they are viewed, and that with the hope of 
detecting some change of place by which to judge of their 
separation from ua, they have been observed at points as widely 
distant from each other as wo arc able to command, viz. from 
opposite parts of the Earth's annual orbit. With this base- 
line of 100 millions of miles, there is the most favourable 
chance of detecting the parallax of a star, provided the instm- 
menta employed are snificiently accurate. 

An annual parallax of one second of arc would indicate a 
distance of about 206,000 times the radius of the Earth's 
orbit, that is, of 206,000 times 95 millions of miles. In only 
one instance has a parallax closely approaching this amount 
been discovered ; and this is iu the case of the star a Centaim, 
which is never visible in England. It ia found that the semi- 
diameter of the Earth's orbit would subtend at the atar an 
angle of i^ths of a second, whence it follows that the distance 
must be 211,000 times the distance of the Sun from the Earth, 
or twenty JnlUons of railea. The late Professor Henderson, 
Astronomer Boyal at Edinburgh, and formerly at the Cape of 
Good Hope, has the merit of having firet detected the parallax 
of o Centauri. 

This distance is so enormous that the mind is hardly able to 
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apprewate it ; light, with its astounding Telocity of 191,500 
miJes per Becond, famishes the only unit by which it con be 
measured and brought within small numbers. Suppose a ray 
to leave this star, travelling through space at the above pro- 
digious rate, it would not reach the Earth until after the ex- 
piration of 1218 days or 3 J years. We do not see the star oait 
actually is, but it shines with the light emitted 3^ years ago. ' 
Hence, if it were obliterated from the heavens, we should eon- ■ 
tinue to see it for more than three years after its destruction. 

Shortly before Professor Henderson's announcement ap- 
peared respecting a Centauri, the great astronomer Bessel of 
Kiinigsbei^ had published the results of his observations upon 
a star of the sixth m^nitude, numbered 61 in Cygnus, from 
which it was inferred to have a parallax of -j^^jths of a second — 
a conclusion which is supported by the subsequent researchea 
of Professor Peters at the Imperial Observatory of Pulkowa, 
Russia, and those of our countryman the lata Mr. Johnson, 
Director oftheRadcliffc Observatory, Oxford. Other determina- 
tions assign a somewhat Isi^er parallax (0"'5) : but with the 
smaller value of Bessel it would appear that the distance of 
the star must be 550,000 times that which separates the Earth 
from the Sun, or 52 billions of miles— a space which light 
would not traverse in less than 8| years. 

Sirius, the brightest star in th« heavens, shows a parallactic 
displacement of a quarter of a second, which indicates a di- 
stance greater than that of 61 Cygni, a star of the sixth mag- 
nitude only. Vega in Lyra is supposed to have a parallax of 
about the same amount. In the present state of our know- 
ledge, it would appear that the brigJUett atans are not always 
the juarttt to the solar nystera. 

It bus been considered probable, from recondite investiga- ' 
tions, that the average distance of a star of the jirst magni- 
tude from the Earth is 986,000 radii of our annual orbit, a 
diotance which light would require 16 j years to traverse ; and 
,t the average distance of a star of the sixUi i 
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nitude (the smallest distinctly seen vitliout a. telescope) is 
1,000 times the same unit — to traverse which, light, with 
its prodigious Telocity, would occupy more than 120 years. 
If, then, the distances of the majority of stars visihle to the 
naked eye are so enormously great, how are we to estimate 
our distance from those minute points of light discernible only 
in powerful telescopes? The conclusion is forced upon ua 
that wo do not see them as they appeared within a few years, 
or even during the lifetime of man, hut with the reys which 
proceeded from them sevenil thousands of years ago ! What 
«u idea does this consideration give ns of the immensity of the 
■tellar universe I 

Proper Motions of the Stars. 

The changes in the positions of the stars due to aberration 
and nutation are merely apparent movements ; and their exact 
amoants can be readily calculated for every star. The effects 
of precession can be determined with equal facility. 

It is found by observation, however, that most stars exhibit 
B alow motion in the heavens which cannot be thus accounted 
for ; after due allowance has been made for precession, aber- 
ration, and nutation, there still remain very appreciable changes 
of position. Those are not such periodical motions to and fro 
as would be produced by parallax ; on the contrary, they are 
uniformly pn^fressive from year to year. 

There are two ways in which such movements may be ex- 
plained in the case of an individual star. Either the star 
itself may be supposed to have a real motion through space to 
the observed amount, or tha Sun, the Earth, and all the other 
planets may have a similar leal motion in a contrary direction 
to that of the star's apparent one. On extending the inquiry 
to a greater number of stars, it appears beyond doubt that 
both causes must be in existence, certain stars having really 
an independent motion in the heavens, which, to disttngoish it 
from merely apparent displacements, is termed the propf 
motion, Trhile the solar system itself travels through spaet. ^ 
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AlHough the observationa of modem aBtronomera show that 
a great number of Blare exhibit proper motions, there are Bonnj 
few that have ©specially attracted attention from the rapidity 
with which they appear to be journeying oa compared to the 
rest. 61 Cygni, one of the stars already mentioned as within 
measniable distance, is moving at the rate of more than five 
seconds annually ; and a star in tirsa Major (known as 1830 
of Groombridge's Catalogue and frequently teraied Ajgelander'a 
star) travels at the rate of sevon eeconda in a year. The 
parailaxcB, and hence the distanoea of both stars, are presumod 
to be approsimately known ; but we are ignorant of the real 
diredioiis of their proper motions in the hoavens, and therefore 
cannot assign the exact velocities at which they are travelling: 
they may be moving either towards us or from us ; and tlieir 
real change of place in a certain interval being thus foreshort- 
ened, the apparent movements would be very much less than 
tile true ones. Still, if we suppose that the real direction of 
their proper motions is perpendicular to our line of vision, wo 
can attach a velocity t4) each star, lets than which the true one 
cannot be; and thns it ia computed that 61 Cygni is flying 
onward throng space at the rate of forlt/ miles im a seco»d, 
and the star in Disa Major at even greater speed. 

MotioH of tfie Solar St/stem through Space. 
Sir William Hcrschel was the first to remark, in the proper 
motions of the etars generally, a decided tendency to diverge 
in one direction, and to draw tegethcr in the opposite qnorter 
of the heavens. This he considered to arise from the transla- 
tion of the solar system through space towards that part in 
which the stars appeared to bo opening out ; for the divergence 
of the stars from one point must necessarily follow if our 8ua 
were in rapid motion inwards the same, while the stars in the 
opposite part of the heavens would as certainly appear to be 
closing in as the Sun receded from them. He concluded that 
tJie directiim of the Suit's motion was towards a point in the 
constellation Hercules, not for from the star marked X, Uom 



I 



134 KOnOK OF THB 80LAB 8TBIE1C TBBOVBK SPACE. 

recent and extensive investigationB have not only established 
the fact of the solar motion, but likewise indicated a direction 
very nearly coincident with that assigned by the above astro- 
nomer. The point now fixed upon is also in the constella- 
tion Hercules, but . 
nearer to the celes- v ' ^ Fig. 61. 
tial equator than \ ^ / 
was supposed by * * 
Sir W. Herschel. ^^^ ^ ^ 

The accompany- # n ^ 

ing figures show 

the effects of the p 

Sun's motion in "^ — ^1^ ® ^ * 

space upon the ^ 

stars ; p being the 

point towards ^^^ ^ 

which he is ad- 
vancing, and Q that # ' ^ 
from which he re- / T \ 
cedes: the arrows i 
indicate the direc- 
tion of the apparent dfc I :ife ^'^^' 
movements of the V ^ / 
stars in the vicini- ^ ^ 
ties of these points. v^ ^ 

It has been cal- 
culated that the Q 
Sun, and of course ^ '^— -wp 
the planets attend- 
ing him, are carried ^y^ ^Jl, 
along at the rate w" 
of 150 millions of f 
miles in a year, or ;Al ^ 
49milesinasecond! 

Though these numbers are not yet definitely established, they 
may be regarded as approximations to the true ones. 



r to consist of 
There are some thouBands of 
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In the courae of ages our system may bo far change its 
situation in space, that the stars which now shino with the 
greatest hrilliancy may dwindle to almost invisible points, and 
others yet scarcely perceptible may occapy their places in the 
heavens. But the time that must elapse before any change of 
this nature could bo brought about is only to be reckoned by 

Doable, Triple, and Mvldple Stars. 

Many of the stars which appear single to the naked eye are 
found, on telescopic examination, tw be double, c 
two stars very near each other. 
Buch objects in the heavens. 

In a few cases three stars are so situated as to form a triple 
star ; and there are also combinations of four, five, or more 
stars, lying withia small distances from each other, thus 
forming quadruple, quintuple, and muhiple stars. 

K two stars lie very nearly in the same line of vision, though 
one may be vastly more distant than the other, they will form 
an optical double star, or one whose components are only ap- 
parently connected by the near coincidence of their directions 
as viewed from the Earth. 

The chances, however, are greatly against there being a 
large number of stars thus optically joined together, Sir W. 
Hersohel was the first to discover that, in many cases, the two 
stars composing a double star have a real connosion, mani- 
fested by the motion of one star round the other. These are 
termed, physical double stars, or binary systems, and in courae 
of time will probably be found far more numerous than the 
class of merely optical double stars, whereof the components 
always retain the same relative position. As it is, aatronoraera 
have detected a revolving motion in a considerable number of 
objects, and by following up their observations from year to 
year have approximated to the periods in which the stara 
revolve about each other. Their orbits are elliptical, of various 
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degrees of occentricity, Bod their moTcments are generally 
•uppoHed to be governed by the Newtonian law of gmvitatJan, 
thou^ aome authurities have hiuiily as yet acquiesced in the 
contluaiveaess of the evidence to that efl'ect. 

In some instances tlie components of a double star we of 
equal brilliancy, but it more frequently happens that one etar 
is brighter than the other. OccasioDally the inequality of 
light is so great that the smaller star is almost lost ia the 
refulgence of its brighter neighbour. 

In several cases the periods of binary stare are less than * 
century; yet it is easy to see that, in the vast majority of 
these systems, the revolution of one star about the other must 
extend to hundreds or even to thousands of years. 

The most rapidly revolving double star liitberto discovered 
is f Hcreulis, which to the naked eye shines like a star of the 
third magnitnde : the little eompauion travels round the large 
star in 36 years. The following have also coraparatively short 
revolutions : — 

« CoroDiF Boreiilis ■ 42 jeara. ■ Centami . 

t Cancri . . . . W* „ 70 Ophiuehi . 

f UreeeM^'onB . . 61 ., 

The fine star Castor in the zodiacal constellation Gemini, 



1 




Fig. 63.— t HprcuUB, Pig. 64.— Caslor. 

being telescopicalty examined with a high power, is found to 
consist of two nearly equal ■components (fig. S4), Since the 
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jeBrl719theirrel3tive positions have greatly altered; it is con 
puted that a whole revolution of these etara about their commc 
iBtre of gravity will be accompUshed in about 1000 years. 
w'/ in Virgo is a very remarkable Bpccimen. of a binary S] 
1718. 1780, 




Fig. es.— The reTolring Double Star j- in Virgo, as aeea ill different jeari. 
iouB positions of the two stars with respect to eacb j 
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other, since tite earliest obs«rvations, ore shown in fig. 65. 
In 1836 the; had approached so clone together that 
scope could exhibit any ecparation. Now they have opened 
d will continue to widen their distance for many 
years to come. The period of revolution ia proaunied to bo 
about 174 years. 

Amongst the triple stare may he inatanoed { Cancri and 
11 Monocerotifl. In the former case it appears certain that while 
the two close stars revolve rouad each other in 58^ years, 
with the distant one, revolve also about 
gravity in a much longer interval of time. 
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Fig. 67. The Quintuple Star t in Orion. 

Lyrie furnishes an instance of a quadruple atar, in which 

all the components are believed to be physically connected. 

B Ononis in a powerful telescope ia seen qviintvple 



Coloured Stars. 

Many stars shine with a coloured light, bb i 
or yellow. 

These colours are exhibited in striking co 
of the double stars. Combinations of blue and yello\ 
green and yellow, are not infrequent, while in fewer ■ 



4 



TABIABLE WCLBS. 139^^ 

we find one star white and the other purple, or one white 
and the other red. In several matances each star has a rosy 
hght. 

When the complementary colours are remarked in a donbls I 
star, where one star is much smaller than the other, wo may 
attribute the circumstance to the effect of contrast only ; thus, 
if the larger one he yellow, the companion may iccline to blue ; 
or if the former have a greenish light, the latter may be tinged 
*tth crimson. Yet it can hardly be doubted that in many 
cases the light of the stars is actually of different colours— that 
there exist in the universe numbers of yellow, blue, green, 
and crimson suns, whose refulgence must produce the most 
beautiful effects npon the planets which circulate around 

Single stars of a fiery red or deep orange colour are not 
uncommon, but there is no instance of an isolated deep blue 
or green star ; these colours ora apparently confined to the 
compoimd stars. 

Below the coastellatioa Orion there is a star of the seventh 
magnitude of a blood-red colour; it is o remarkable object, 
especially when contrasted with another star near it of similar 
brightness, but presenting a pure white light. 

The following are a few of the most interestiiig coloured 4 
double stars. 



NamBofrtOr. 


Colour of iai^op one. 


Colour of amaller one. 


y Andromodie . . . Orange . . 


Sea-greon. 


> Piauium . . 






Pale-green . 


Blue. 


(1 Cjgm. . . 






Yellow . . 


Sapphire-blue. 


* CauiopeiiB . 






TeUow . . 


Purple, 


trC<niopei« . 






OroeniBh . 


Fine blue. 


EOoroM. . . 






Wliite . . 


Light purple. 


ABbtrinijgo 






PalBTOse . 




A etar in Ceolaunu 




Scarlet . . 


Scarlet. 


Variable Star). 




ere are many ati 


itrs 




ot only among' 


t thoso risible to th« 
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naked eye, but also belonging to telescopic classes, which 
exhibit periodical changes of brilliancy ; they have hence been 
called variable stars. 

At present little or nothing is known respecting the cause of 
their regular increase and decrease. It has, however, been 
conjectured that dark opaque bodies may revolve about them, 
and at certain times intercept a portion of their light, or 
that the stars themselves are not uniformly luminous all over 
their surfaces, but occasionally, from their axial rotations, 
present towards the Earth a disc partially covered with dark 
spots, thereby shining with a dimmer light. It is certain that 
these variations are entirely independent of any effect which 
the Earth's atmosphere could produce. 

Algol, or /3 in the constellation Perseus, is one of the 
most interesting of the changing stars. For about 2^ 13^ 
it shines as an ordinary star of the second magnitude, and 
is therefore conspicuously visible to the naked eye. In 
somewhat less than four hours it diminishes to the fourth 
magnitude, and thus remains about twenty minutes ; it then 
as rapidly increases to the second, and continues so for 
another period of 2^ 13*^, after which similar changes recur. 
The exact period in which all these variations are performed 
is 2d 20^ 48"* 65». 

Another remarkable object is the star o in Cetus, often 
termed Mira, or the wonderful star. It goes through all its 
changes in 334 days, but exhibits some curious irregularities. 
When brightest, it usually shines as a star of the second 
magnitude, yet on certain occasions has not appeared higher 
than the fourth. Between five and six months afterwards it 
disappears altogether. Sometimes it will shine without per- 
ceptible change of brightness for a whole month; at others 
there is a very sensible alteration in a few days. The 
variability of Mira Ceti was discovered in the seventeenth 
century. 

The list of changeable stars visible to the naked eye is pretty 
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a few are here enumerated, with their pcrioda of 



Ji5d.9h. 



^^10 dii 



1 Cephei, which goee through [t 

■ HercuJir, „ „ 66 d^j*. 

A etor in Aquila, „ 

A star in Coronn Borealia, 

A rtar near x Cjgni, „ 

30 njdrsc, „ 

In some caaea the periods extend to many years. 34 C^gni, , 

a star whose fluctuations were naticcd as long idnce as 1000, 

is supposed to complete its cycle of changes in ahout 18 years. 

The hright star CopeUa jn the constellation Auriga Is believed 

to have increased in lustre during the present century, while 

within the same period one of the seven bright stars (15) in 

Ursa Major fo rmin g Ckarhs's Wain, has probably diminished. 

Kany instancoa of a similar kind might be mentioned. 

Teleaeopic variable stars are a numerous class, and have lately 
ited much attention. 

Irregular or Temporary Stars. 
the present state of our knowledge, it appears necessary * 
distinguish between the variable stars, properly so caUed, 
which go throi^h their fluctuations of light with some degree 
of regularity, and are either always visible or scon at short 
intervals, and those wonderful objects that have occasionally 
burst forth in the heavens with a brilliancy in some instanceB 
far aurpos.'ting the light of stars of the first magnitude, or even 
the lustre of Jupiter and Venus, remaining thus for a short 
time, and then gradually fading oway. To this class has been 
assigned the distinctive appellation of irretptlar or temporary ' 
■tors. 

The most celobratj>d star of the kind recorded in history if 
one which made its appearance in 1572, and attracted the 
attention of Tycbo Brahe the Danish astronomer, who has left 
us a particular description of the various changes it underwent 
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while it continued within view. It was situated in Cassiopeia, 
one of the circumpolar constellationSy was first seen early in 
the autumn of 1572, and afterwards dwindled down, until it 
became so faint in March 1574 that Tyoho could no longer 
perceive it. During the early part of its apparition it far 
surpassed Sirius, and even Jupiter, in brilliancy, and could 
only be compared to the planet Venus when she is in her most 
favourable position with respect to the Earth. Persons with 
keen sight could see the star at noon-day ; and at night it was 
discernible through clouds that obscured every other object. 
It twinkled more than the ordinary fixed stars ; was first white, 
then yellow, and finally very red. 

Another temporary star became suddenly visible in Ophiu- 
chus, in 1604, and was observed by the famous Kepler. 
Though somewhat inferior to Venus, it exceeded Jupiter and 
Saturn in splendour. like Tycho's star, it twinkled far more 
than its neighbours, but was not characterized by successive 
changes of colour: when dear from the vapours prevalent 
about the horizon, it was always white. This object remained 
visible till March 1606, and then disappeared*. 

Other stars, evidently of the same class, are mentioned by 
historians in remote times. One of a less conspicuous character 
was discovered by Anthelme, in 1670, not far from fi Cygni ; 
and another in April 1848, in the constellation Ophiuchus, 
which rose to the fourth magnitude, and has now faded away 
to the twelfth, so that it cannot be seen without a good tele- 
scope. This is the last instance of the kind, and the only one 
since the year 1670. 

The Via Lactea, or MUhy Way. 

The Via Lactea, Galaxy, or Milky Way, as it is variously 
termed, is that whitish luminous band of irregular form which 

* Perhaps it should rather be stated that, like Tjcho's star, it is not 
identifiable amongst the small stars in its neighbourhood. Whether it 
has actually vanished is doubtful. 



is Been oa a dark night stretchiag across the expanes of heaven 
from one side of the horizon to the other. 

To tlie naked eye it presents merely a diffused milky light, 
stronger in some parts than in otters; but when examined in 
a powerful telescope it ia found to consiat of myriads of atars 
— of milliona upon miHiona of suns, so crowded tt^ether that 
their united light only reaches tlie unassisted eye. 

The general course of the Milky Way is in a great circle, 
inclined abont 6S° to the eelestiol eqaator, and intersecting it 
in right asceosion 0" 47" and 12^ 47", or in the conatetlationB 
Cetus and Virgo. 

The distribution of the telescopic stars within its limits ia 
far from uniform. In some regions several thousands (nay 
as many as are seen by the naked eye on a clear night over 
the whole flrmaraent) are crowded together within the space a£ 
one square degree ; in others a few glittering points only are 
scattered upuu the black ground of the heavens. It presents 
in some parts a bright glow of light to the naked eye, from 
the elosonesH of the constituent stars ; in others there are 
dark spaces with scarcely a single star upon tbem 
markable instance of the kind occurs in the broad stream of. 
the Via Laetea near the Southern Cross, where its Inminosityi 
is very considerable ; but there exists in the midst of it si 
dark oval or pear-shaped vacancy, distinguished by the earlyj 
navigators under the name of the Coal-Sack. When oon- 
traatod with the rich stelliferoua region of the Milky Way ii 
its neighbourhood, it is described as conveying a strong impres- 
sion that, in viewing it, a person ia looking into space, beyond 
the limits of this zone, through a comparatively starless open- 
ing. Similar vacancies occur in tho constellations Scorpio and 
Ophiuchus. 

From the results of a numerical estimate of the 
various distances from the circle of the Via Lactea by a pro- 
cess of counting which Sir William Herschel termed ga\iging, 
.it has been proved that the stars are fewest in number near 
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the poles of that circle, and increase — slowly at first, after- 
wards more rapidly — ^until we arrive at the Milky Way itself, 
where their number is greatest. The proportion of stars in 
this zone to the number at its poles is at least as 30 to 1. 

Hence it is inferred that the stars which cover our heavetis are 
not uniformly distributed throughout space, but, as described 
by Sir John Herschel, ** form a stratum, of which the thicks 
ness is small in comparison with its length and breadth." The 
solar system would appear to be placed somewhat to the 
northern side of the middle of its thickness, since the density 
of the stars is rather greater to the south than to the north of 
the plane of the Via Lactea. From these and other considera- 
tions, founded upon the relative distribution of the stars in 
various quarters of the heavens, Sir William Herschel was 
led to regard our starry firmament as possessing in reality a 
figure of which the annexed illustration will convey some idea, 
one portion being subdivided into two branches slightly inclined 
to each other. 

The Earth being placed at s (not far from the point of di- 
vergence; of the two streams), the stars in the direction of b 



^ * * * ^ 
^ ^ * ^ ^ 



':^ ^ ^ ¥lt ¥f: 
* * * * ^ 




Kg. 68. V 

and would appear comparatively few in number, but would 
increase rapidly as the line of vision approached a, d, or e, in 
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which directionB we Bhould aeo thera most densely crowded, 
the rate of transition from tho poorer regions to those offering 
an innnmerable multitude of stare being such as we hara 
alluded tj} above. 

Near tho iutcrsoction of the streams s and s, fen Bton 
would present themselves, and there would consequently he 
darkspace, or rather a space thinly covered with stare, in cinded 
within the two branebes of the Milky Way, This exactly re- 
presents the actual appearance of the heavens : the luminosity 
of the Milky Way does Beparate into two distinct streams of light, 
which remain thna over an arc of about 150°, and then unite 
again. 

Clusters of Stars and Nebula. 

On casting onr eyoB over the aurfuce of the heavens on a 
clear dark evening, we at once perceive that in some directions 
the stars are clustered together, and in a few instances bo 
compressed that the nnaasiated eye cannot discern the consti- 
tuent members of the group, which aBsumes a ha^y, undefined, 
or eloud'like appearance. 

Amongst those close assemblages of stars may bo mentioned 
the Pleiades in Taurus, Pncsepo (popularly teiined the Beehive) 
in Cancer, and a remarkable group in the sword-handle of Per- 
eeus, in which tho stars are readily seen with a common night- 
glass, though the whole have ablurredaspecttothenakedeye. 

A telcacopic survey of the heavens brings into view a groat 
number of objects of a faintly luminous character, which are 
included under tho general term nebula. A hirge proportion 
are either round or oval, brighter towards their centres than 
at thoir borders, and when viewed with small optical power 
very much resemble comets, for which they are ofton mis- 
taken. In more powerful uistruments, Buch as those 
brought into use by Sir William Herschel, a considerable 
number are clearly resolved into etustert of start, like Pnesepo, 
or the group in Persoua above mentioned: some hundreds or 
D thousands of stars are wedged together within the spaoA 
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^^^B of two or three minutes of arc, or less. Many others present 
^^^[ m mottled glittoring usptet vhes thus viewed, which ehows 
I that the; are similarly constituted, hut too distant for our 

I telescopes to separate them into stars ; whilo, as might be 

F expected, there are also very many that the moat powerAil 

[ optical means hitherto derised have altogether failed to exhi- 

bit otherwise than as faiut cloud-like objects. They have tlie 
aame form and general appearance as the resolvable nebols 
I seoB in common teleacopen ; and honce there is reason for 

I Bupposijig them to be similar clusters of stars, hut situated 

I at far greater distances from the Earth, 




1 tliular olHlara, 

One of tho most magnificent yhbalai- chsleis 
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hemisphere occurs in the constellation Hercules, between the 
stare ij and f. It is yisible to the naked eye on dark nights 
as a hazy -looking object ; and the stars composing it are rea- 
dily seen with a telescope of moderate power. When esamined 
in a powerful instnunent, its aspect is grand beyond concep- 
tion : the Hturs, which are coarsely scattered at the borders, 
come up to a perfect blaze in the centre. 

Another splendid cluster is situate in the constellation Cen- 
tauruH, and was discovered by Halley in 1677. To the naked 
eye it appears like a nebulons or hazy star of the fourth mag- 
nitude ; while in the telescope it is found to cover a space two- 
thirds of the apparent diameter of the Moon, over which the 
stars are congregated in coaotlces numbers. 

Amongst the oval or elliptically-shaped nebulfe may be ii 
Btanced a very conspicuons one in. the constellation Andromeda, 
distinctly viable without a telescope as a cometary-looking 
object. Till very recently, this nebula defied all the optical 
power that could he brought to bear upon it to resolve it 
into stars, or even to afford any symptoms of its stellar cha- 
racter. Within the last few years decisive evidence of its ci 
sistii^ of stars has been, obtained with the great telescope at 
Cambridge Observatory ia the United States. It is commonly J 
known as the grtat nebula in Andromtda, and was discovered I 
nearly one thousand years ago, though not much noticed until i 
attention was directed to its singular appearance by Simon 
Marina in 1612, 

The globular and oval clusters are very far from constituting 
the entire nebulous contents of the heavens. On the con- 
trary, nebulic totally different in form and general features 
from the above present themselves in every direction ; thoir 
number, however, is £ir inferior to that of the class we 
have described. The following are the most striking varie- 

1. Annntar or ring-shaped nebulie. 2. Planetary ncbuhe. | 
3. Spiral nebulae. 4. Nebulous stars. 




CLuems or btabs aitd ssbvlm. 

Of the first of these varieties, annular nebulsp, the heavens 
■fford very few examples. 

The most remurkable instance 
occiira in tho constellation Lyra, be- 
tween tho stars /3 and y. It is a 
vell-defined object, nearly (though I 
not perfectly) round, and may be bi 
with ordinary telescopes. The gi- I 
gantic telescope of Lord Itosee shows I 
it to oonaist entirely of minute stars, f 

Though apparently a smaD nebula. Fig. TO.-The Annular or 
its actual dimensions must be enor- Ring-Nebula ia Ljm 
moUH ; even supposing it no further 

from UB than 61 Cygni, the diameter of the ring would be 
20,000 milHonB of miles ; and it is pretty certain that its 
real distance must be inconaparably greater than that of the 
above star. 

Planetary nebuhe are found in greater numbers than the 
annuhir ones ; but their nature ia not so easily comprehended. 
They exhibit discs of uniform brightness throughout, often very 
sharply defined at the borders, or only n little curdled or 
furred, as the edges of a planet frequently appear when the 
night ia unfavourable for telescopic observatioii. They are 
called planetary nebuhe, from the great resemblance they offer 
to the discs of planets. Not far from the star /3 in Ursa Uajor 
iB a fine nebula of this kind. It ia nearly 3' in diameter, 
very bright, and of equable hght on its whole surface. One 
in the Southern Cross ia described by Sir John Herachel 
SB of a deep blue colour, its edges sharply defined, perfectly 
uniform in its light, which is about equal to that of a star 
of the seventh magnitude. Little or notliing is yet known 
with regard to the nature of these singular objects. They 
cannot be globular clusters of stars, otherwise they would 
be brighter in the middle than at the borders. It has 
been conjectured that they may be hollow spherical shells, 
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or oircnlar flat discs, situate nearly at right angl< 
of vision. 

The discovery of spiral nebulte is due to Lord Roase, being 
one of the results obtained with the great refleisting telescopes 
constmcted by that nobleman. The most interesting speci- 
men of thin elnss is a nebula known a^ No. 51 of Mcssicr's 
catalogue, in the constellatioa Canes Yenatici. It presents 
several luminous streams rnniung in a spiral form from a 
centre, and surrounded by a narrow nebulous ring. Though 
not clearly resolved into etara with Lord Rosse's telescope, 
anflicicnt evidence is thereby afforded that it is so composed. 
Other nebulas have similar spiral coils, but less distinctly 
marked tbaa in the one above. 



1 




Fig. 7l.^~'LoTd Sose'B Telesixipe. ParBOOBloffD. 
The nature of the ntbuloia stars is involved in as great 
obscurity an that of the planetary nebulffi. A faint nebulosity, 
nflually of a circular figure and several minutes of arc in 
diameter, envelopes a star which b placed in or very near the 
centre : in some oases it is sharply defined at the borders, in 
others it gradually fades away to darkness. The stars t 
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^^^H tliem from others entirely destitute of such appendages ; nor 
^^^B does tlie nebulofiity in which thoy ore situat«d offer the 
^^^H dighteat iadications of reBolvahility into stare with any tele- 
^^^V scopes hitherto constructed. As instances of nebulous stars, 
^^ may be mentioned one of the fifth magnitude, numhered 55 ia 
Andromeda, another of the Bame brightness, numbeTed 8 in 
Cones Yenatici, and one of the eighth magnitude on the bor- 
ders of Perseus and Taurus, particularly pointed out by Sir 
William Herscbel ob a remarkable object of this close. 

In addition to the nebulaa that properly belong to the fore- 
going divisions, there are others of forms more or less irre- 
gular, and occasionally of very conmderable extent, which it 
is desirable to class by themselves. Of these by far the most 
remarkable is the (freat nebtila in the muord-handU of Orion, 

» discovered and figured by Huyghens about the middle of the 
seventeenth century. In it* more prominent details there 
may bo traced some slight resemblance to the wing of a bird. 
In the brightest portion are fonr conepicuons stars forming a 
trape^wm.. The nebulosity in the immediate vicinity of these 
stars is flocculent and of a greenish -white tinge ; it was irre- 
solvable until the completion of Lord Rosee's telescope, but in 
this instrument there are strong indications of its being com- 
posed of a vast multitude of stars, far removed from us in the 
profundity of space. 

There is an extensive and singularly-shaped nebnla between 
Sagittarius and Aquila, about five degrees north of the star ^ 
in the former constellatian. It resembles a horseshoe, or 
capital Greek omega (£1) in a telescope of moderate power. 
Sir John Herschel's drawing, in which the fainter portions 
brought out by his large reflectors are shown, makes it very 
like two omegas joined together by a narrow ray at their ad- 
jacent extremities ; and within one of the convolutions is situate 
a cluster of very minute stars. This object has pretty gone- 
rally acquired the name of the Horseshoe ndnda. 
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The star y in the Bouthero constellation Argo Navis, 
Burroundod bj a collectionof bright, irregular, nebulous laasseft, 
which Sir John Herechel traced over more than a square 
degree, and describcB as offering a most wonderful spectacle. 
The powerful optical means amployed by that astronomer 
during his residence at the Cape of Good Hope failed to give 
the BmaUeat sign of resolyability, TTpwarcia of a thousand 
etars are scattered over tho nebulong region within the limits 
juBt specified, but are evidently quite unconnected with the 
nebula itself, which is doabtless fdtuated at an immeoBe 
distance beyond them. It occurs in a very crowded portirai 
of the Milky Way, where each square degree contains two or 
three thousands of stars. 

These esteasive nebula; of irregular figure are regarded by 
Sir John Herschel bb outlying fragments, so to speak, of the 
Via Lactea, near which they ar« alwaj-s found. 

It would require a 
volume to treat of every 
variety of form and ap- 
pearance by which the 
minor subdivision-i of the 
nebulas are characterized. 
Long narrow rays, double 
nebulte both circular and 
oval, comet-like hrauches 
either with or without „. _„ ,^, ,, „, „ ^ , 

11 1. 1 II- u 1 Fig. 1^,— Oblique Eing-Nobul«. 

stars attached, elliptical 

nebulosities bisected by a narrow dark line, and nebulie which 
resemble rings seen nearly edgewise, with many other Tarie- 
ties. occur in tho catalogues of such objects formed by tho- J 
two HerBchela. 

A nebula in the constellation Vulpecula greatly resembling j 
in figure a dumh bdl, as vieweid with common teiescopea, is 1 
transformed by Lord RoBse'a reflector into a double ciusler dH 
stars with a nari'ow connecting branch, Another in the vicinijyrfl 
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of the star t in the southero horn of Taurus, which has on 
oval form in most instnaments, is seen as a densely crowded 
cluater, with branches strcnminp off fnim tho oval boundary 
hko claws, so as to give it mi a|iiieiiniD<i.' tlint ii 




Fig. 73.— The 
justifies the 
distinguished. 

A very remarkable phi 
a nebula situate near 



rredin 
At the date of its dia- 



THE UASBLLASIO CLOUDS. 

covery* in October 1852 it was easily seen with a good tele- 1 
aoope, whereaa in 1861 and 1862 it was invisible with iustru- 
menta of far p-eater power, thus proYmg that its light must 
have imdei^one very considerable diminution in the course of 
a few years. A small star close to this nebula Ukewise fadud 
withiu the same lapse of time. No probable cause has yet 
been assigned for this indubitable variation in the brightness i 
of a nebula. 

The Nuheeala or Magdlanic Gloiah. 

In the flouthem hemisphere, not far from the pole of the ] 
equator, lire two nebulous clouds of unequal extent, the 
greater covering an area about four times that of the lesser 
one. They were termed Mai/ellanic ehade, after Magellan the 
early inruumnavigator, a name still in very common use, but 
on astronouiical maps they are usually called the niAeeidtg, 
■mitjar and minor. 

Ituth these cleud-like maases are distinctly visibto to the I 
naked eye when the moou is absent ; the smaller one, however, 
disappears in strong moonlight. Their luminosity is white , 
and diffused, resembling that of the lUliy Way. Bir John I 
Uersche! examined these remarkable objects with his powerful 
instrument at the Cape of Good Eoxie, and desciibes them as 
consisting of swarms of stars, globular clusters, and nebulae of 
various kinds, some portions being quite irresolvable, and pre- 
senting the same milky appearance iu the telescope that tha J 
nnbcciila! themselves do to the naked eye. 

It is boheved that the nubecuhe are independent of tlie \ 
Via Lactca, since they offer combinations of nebulous forms I 
wbieh rarely oeeur in that zone. 

* Bj the author at Mr, Bishop's Obeervatorj ; iU pUce la ia Ri^it J 
AsMuiiou 4' W° 51', ami Jiorth Declinatiou \'i' 12' for the je»r It 
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SYSOPTICiX TABLES OF THE PLANETART SYSTEM. 
The Sun and Principal Planelt. 



N«nfofPl«u.t. 


Mi->n A\a- 

t«n« from 
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(The B>nh-> 

= 1) 


'l£'SB^ 
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in Biigli^ 


...... 


The Sun 


0-'38710 
0-73333 
1-00000 
1 ■52369 
5-20279 
9-63877 
1918283 
3fr03386 


d h ^ 

87 "23 16 
224 16 50 
365 6 9 

4333 14 2 

10769 5 16 

60118 


7"(i"9 
323 29 



1 51 6 

1 18 51 

2 29 36 

46 28 

1 46 69 


887,000 
2,060 
7,800 
7.912 
4,500 
88,000 
73.000 
38,000 
35,000 


607 48 
24 5 
23 21 

23 57 

24 37 
U 65 

10 16 
L'nkDown 
Uukaown 


The Earth... 


a-::::: 

Uranua 



ITie Minor Planets. 



Ordinal 
Mumber. 


Planet's Name. 


Date or 
Discovery. 




Biderul 


1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


Ceres 

Pallaa 

Juno 

Veeta 

Hebe ..'.'.'.'.'.'. 


1801, Jan. 1 

1802, March 28 
1804, Sept. 1 
1807, March 20 
1845, Dec, 8 
1847, July 1 
1847, Aug. 13 

1847, Oct. 18 

1848, April 25 

1849, April 12 

1850, Mky 11 
1860, Sept 13 

1860, Not. 2 

1861, May 19 

1851, July 29 

1852, March 17 
1852, April 17 
1852, June 24 

1862, Aug. 22 


PiazH 

Olbers 

Harding .... 

Olhere 

Heucte 

Hencke 

Hind 

Hind 

Graham 

Gasparis . . , , 

Luther 

Hind 

Gasparis 

Hind 

Gasparis 

LmS™ '. , ; ; ! ; 

Hind 

Hiad 


1680 
1682 
1696 
1326 
1612 
1379 
1846 
1193 
1346 
2043 
1403 
1303 
1511. 
1519 
1570 
1828 
1421 
1271 
1393 


Flora 

Metis 

Hygieia 

Paithenope . , 
Victoria. ..,, 

Egeria 

Irene 

Eunomia .... 

Psyche 

Thetis 

Fortuaa 



The Minor Planets {continued). 
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Lutetia 

Calliope 

Thalia 

Themis 

PtocBa 

Proserpine .... 

Euterpe 

Bellona 

Amphitrite . . 

Euphro^ne . . 

Pomona 

Polyhymnia . , 

Leucothea .... 
Atalanta .... 
Fides 

Harmonia 

Daphne 

Ariadne 

Nysa 

Eugenia 

Hestia 

Pales '.'.'.'.'.'.'.'. 

Virginia 

Nemausa .... 

Europa 

Calypso 

Alexandra .... 

PandoTB 

Melete 

Mnemoayne , , 
Concordia 



I, Sept 19 

!,NoT. 16 

!, Nov. 16 

!, Dec. 15 

.863, April 5 

.863, April " 

,853, May 

1853, Nov. 

1854, March 1 
.354, March 1 
.854, July 22 
.854, Sept. 1 
,864, Oct. 26 
.864, Oct. 28 
.866, April 6 
.855, April 19 
.855, Oct. 
.855, Oct. 
.856, Jan. 

I, Feb. 

.860, March 31 

1856, May 23 

iSSe, May 23 

,857, April 15 

.867, May 37 

"'^Juue 27 

', Aog. 16 

.867, Se^ 15 

,857, Sept 19 

.857, Sept "^ 
.857, Oct. 

858, Jan. 22 
858, Feb. 

858, April 4 

858, Sept. 10 

1868, Sept. JO 
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The Minor Plmutt (eontmued). 



OrdinJ 


Planet's Name. 


DaUof 






69 
60 
61 
63 
63 
64 
66 
66 
67 
68 
60 
70 
71 
72 
73 
74 
75 
76 
77 
78 


SS'":::::: 

Danae 

Erato 

Ausonia 

Angelina 

Maiimiliana . . 

Maift 

Asia ._ 

LeToT..:::: 

Panopea 

Niobe 

Feronia • 

Clytie 

Galatea 

Eurydice 

Frefa 

F"SK« 

Diana 


1860, Sept 12 
1860, Sept. 15 
1860, Sept. 19 

1860, October 

1861, F^b. 10 
1S61, March 4 
1861, March 8 
1861, April 9 
1861, April 17 
1861, April 29 
1861, April 29 
1861, Uky 15 
1861, Aug. 13 

1861, May 

1862, April 7 
1862, Aug, 29 
1862, 8«pt. 22 
1862, Oct. 21 

1862, Not. 12 

1863, March 16 


Chacomac 

Goldathmidt . , 

Forster 

Gasparia 

Tempel 

Tempel 

Tunie 

sT^pareili ' '. '. 

Luther 

Goldschmidt . . 
Luther 

/Peteis and! 

i. Sftfiord . . f 

Tuttle 

Tempel 

Petera 

d'Arrest 

Peters 

Luther 


1634 

1352 
1902 
2033 
1366 
1601 
2343 
1588 
1375 
1641 
1967 
1667 
1671 
1148 
1590 
1509 
1590 
2080 
1360 



The Moon. 

Mean distance from the Earth 238,800 miles. 

Sidereal period of revolution 27' 7* 43" 

Diameter 2160 miles. 

Inclination of the orbit 6" 8' 40" 

SateUiUs ofJwpiter. 



-».. 


TOlDlionroDgdthe 


'ssr-;.^^ 


L 
IL 

in. 

IV. 


d h m 

1 18 28 
3 13 16 
7 » 43 
16 16 32 


6-049 
9623 

15-35 



*- If ot reoDgniied aa a new planet until Pebmar; II 
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Satellites of Saturn, 


Satellite. 


Sidereal period of re- 

▼olation round the 

primary. 


Distance in semidia- 
meters of Satnm. 




d h m 




I. 


22 36 


8-361 


n. 


1 8 63 


4-313 


m. 


1 21 18 


6-34 


IV. 


2 17 41 


6-84 


V. 


4 12 26 


9-663 


VI. 


16 22 41 


22-146 


vn. 


21 4 20 


2602 


vni. 


79 7 66 


64-369 



Satellites of Uranus, 



Satellite. 


Sidereal period of re- 
volution round Uie 
primary. 


Difltanoe in semidia- 
metera of Uranoa. 


I. 

n. 
iir. 

IV. 


d h m 

2 12 17 

4 3 28 

8 16 66 

13 11 7 


6-94 

9-72 

16-89 

21-27 



Satellite of Neptune, 

Sidereal period of revolution 6* 21** 4" 

Mean distance from Neptune 236,000 miles. 



ASTRONOMICAL VOCABULARY, 



IKCOHPOEATING AN INDEX. 



Aberration of Planets and Comets is an apparent displacement 
of their positions, arising from the progreaBive motion of 
light, whereby we always see them behind their true places 
in the heavens at the moment of ohservation. To diatin- 
guish this phenomenon from the aberration of the fixed stars, 
■which is quite a different effect, it might be more properly 
termed the Equation of Light, p. 27. 

Aberration of the Fixed Stars is an alteration of their mean 
positions, caused hy the Earth'e orbital movement, the effect 
of which is to make each star apparently describe -in the 
heavens a small ellipse, having for its centre the point which 
the star would occupy if the Earth were at rest, p. 27. 

Aberration, Constant o/.— Light is 8"" IT'-S in travelling. from 
the Sun to the Earth, In this interval the Earth has moved, 
with her average velocity, through an are of 20"'45, which 
is therefore the amount of displacement in the Sun's longi- 
tude, arising from the progressive motion of light, and is I 
termed the Constant of Aberration, p. 27. 

Aberration, Diurnal.— h. small change in the apparent positioaa 1 
of the stare, due to the Earth's asial rotation combined with ] 
the progressive motion of hght. 

AteeUration of the Fixed Stars. — The time by which the Btai* J 
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anticipate the Sun in a mean diurnal revolution, or 3"^ 55'* 9 

of mean time. In other words, it is the difference of time 

between a sidereal and a mean solar day, p. 31. 
Acceleration of the Moon. See Secular Acceleration, 
Achemar, — The bright star in Eridanus, called also a Eridani, 

p. 124. 
Achronical rising or setting of the heavenly bodies. — ^An 

ancient poetical term signifying rising at sunset or setting 

at sunrise. 
Acolyte, — A term sometimes used to distinguish the companion 

or smaller component of a double star. 
Aerolite. — A name (amongst many others) given to those solid 

masses which occasionally faU to the surface of the Earth 

from the upper regions of the atmosphere. They are also 

termed meteoric stones, meteorites, bolides, and, more 

popularly, ^re-6aZZ«, because in their descent they appear 

to be burning, and sometimes explode with a report like 

that of thunder, p. 120. 
Age of the Moon. — The interval of time which has elapsed 

since the previous new Moon. 
Aglaia. — One of the minor planets, p. 155. 
Aldebaran. — ^The bright star in the constellation Taurus, called 

also a Tauri, pp. 125, 128. 
Alexandra. — One of the minor planets, p. 155. 
Algemh. — One of the principal stars in the constellation 

Pegasus, known also as y Pegasi, p. 127. 
Algol. — A remarkable variable star in the constellation Perseus 

which goes through its changes in about 2* 21**, p. 140. 
Algorab. — The chief star in the constellation Corvus, called 

also a Corvi. 
Alioth. — One of the seven bright stars in the constellation 

Ursa Major, p. 126. 
Altair, — ^The bright star in the constellation Aquila, termed 

also a Aquilse. 
Altitude. — The angular distance of a heavenly body from the 
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horizon, meafiured in the direction of a great cbcle poaalBj 
through the zenith; p, 2. 

Altitude of the Pole. — The arc of the meridian hetween the 
pole of the heavens and tBe horizon of any place, and liiere- 
fore eqnal to its geographical latitude i p. 2. 

Altasiatuffi. — A name given'to an inatninient of new con- 
atmction, at the Royal Observatory, Greenwich, and which 
ia chiefly destined for determining tho Moon's place by 
observations of her altitude and azimuth. 

Amphitriu. — One of the minor planets, p. 155. 

Ajaplitude. — The horizontal distance of a star from the east 
or west points, 

Aytalemma. — A narrow douhleloop-formed figure engraved 
upon tho globe, the length of which is equal to tho breadth 
of the torrid zone. It is divided iato months and days of 
the month, and showa approximately the corresponding 
declination of the Sun, also the equation of time, 

AndfoniKla. — One of the ancient northern constellations, p. 124. 

Angtliva. — One of the minor planets, p. 156. 

Angle of Commulation. — The difference between the helio- 
contrie longitudes of the Earth and of a planet or comet, 
the latter being reduced to the ecliptic. 

Angle of Ssxentrieili/, — A term frequently employed amongst 
astronomers to denoto the angle whoso siso ia equal to the 
excentricity of an orbit. It is the angle farmed ut the ex- 
tremity of the minor axis of the ellipse by lines drawn to 
the centre and one of its foci, and is usually denoted by the 
Greek letter i^. 

Angl^ of Position. — This term is now generally confined to 
double stars, or to distinguish tho position of celestial objects 
which are apparently very near to each other. It is the angle 
formed by a line joining the stars, with the meridian passing 
through the larger one, and ia reckoned from 0° to 360°, be- 
ginning at tho North point, and counting round by the East, 

AnrjJe of Situation, formerly oallod the ' angle of position,' is 



AN ASTRONOMICAL T 



^ 



162 



tbo aagh made at a Btor by area pas^n^ through tho Moitih 
and pole respeotivoly. It is also termed the ParalUictic 
Angle. 

Ar^le of the Vertical is the difforonoe between the geographical 
and geocontric latitudes of a place upon the Earth's snrfiice. 
It is zero on the equator, and increases up to the 4Sth i 
degree of Utitude, where it amounts to 11' 30") and tliBnco 
diminishes to zero again at the pole. 

Angular Velodty of a double star is the motion ia a oortain 
time of one star round the other. 

AmvuA Equation. — An inequality in the motion of the Moon 
arising from tho excentricity of the Earth's orbit, whereby 
the diurnal motion of the Moon is sometimee quicker, and 
at other times slower than her mean motion. 

Annual Parallax. — See Parallax, 

Annual Variation of the right ascension or declination of a 
star is the chan^ produced in either clement by the effect ' 
of preoession of the equinoxes and proper motion of the atar 
taJten tot/etlier. 

Aiinidar EeUpte of the Sun. — Sec Eclipse. 

Anomalistie Period. — Tho time of resolution of a primary or 
secondary planet in reforonce to its line of apsides. In the ^ 
case of the Eurth this period is called the artDtnaliiiic year ; i 
in that of the Moon the ammaViSiic month. ' 

Anomaly, Eiecentrie. — Au auxiliary angle employed to abridge | 
the calculationa connected with the motion of a planet or | 
comet in an elliptic orbit. If a cirde be drawn, having its 
centre coincident with that of the ellipse, and a diameter | 
equal to the transverse n.-riH of tho latter, and if from this | 
asis a perpendicular be drawn through the true place of 
the body in the ellipso to meet the circumference of the ■ 
circle, then the esoentric anomaly will be the angle formed 
by a line drawn from the point where the perpendicnlar 
meets the circle, to the centrCj with the longer diameter 



the elhpse. 



Anomaly, Mean. — The angular diatacce of a planet or comet 

from perihelion, snpposiiig it to have moved with, ita mean 

velocity. 
Anomahf, True. — The true angular distance of a comet or 

planet from perihelion. 
Ansa of Saturn's ring. — The projoctionB or arms of tlie ring 

on each side of the gjobe of the planet. 
Ai^res- — The bright star in the constellation Scorpio, called 

also « Scorpii. 
Antlia. — An abhreviation for Antlia Pneumatioa, one of the 

southern constellationfl introduced by Lacaille. 
Aphelion. — That point in the orbit of a planet or comet which 

ia fiirtiieBt irom the Snn, and at which the angular motion 

ja slowest, p. IS, 
Apogee is that point in the Moon's orbit which is furtieat from 

the Earth, or the point in the Earth's orbit which is moat 

distant Smm the Sun. The word is also used as a general 

t«nn to eipresa the greatest distance of any heavenly body 

from the Earth : p. 18. 
Apparent E'liiinox. — The position of the equinox as afieoted 

by nutation. 
App<ereni Motion. — ^The motion of the celestial bodies as viewed 

from the Earth, 
Apparent Place of a star for any day is the position it seems 

to occupy in the heavens, as aS'octed with aberration and 

nutation. 
Apparent Noon. — ^Tho instant that the Sun's centre ie on the 

meridian of a place : p. 39. 
Apparent Obli<jaitij. — The obliquity of the ecliptic affected 

wi& nutation. 
Apparem Time (see Time'), p. 28, 
Appiihe. — A near apparent approach of one heavenly body to 

another, principally used with reference to stars or planets 

when the Moon passes close to them without causing ftn 

occultation. 

x2 
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Apsides, Line of. — The imaginary line joining the aphelion 
and perihelion points in the orbit of a planet, pp. 18, 35. 

Apsis, Higher. — A term occasionally used to distinguish the 
apheHon point of an orbit. 

Apsis, Lower. — A term occasionally used to distinguish the 
perihelion point of an orbit. 

Aptis. — One of the southern constellations. 

Aquarius. — The eleventh sign of the zodiac, which the Sun 
enters about the 21st day of January. It is one of the 
ancient zodiacal constellations : pp. 11, 124. 

Aquila. — ^One of the ancient northern constellations, p. 124. 

Ara. — An ancient southern constellation. 

Arc of Direction or Progression. — The arc which a planet 
appears to describe when its motion is direct or progressive 
in the order of the signs. 

Arc, Diurnal. — ^That part of a circle parallel to the equator 
described by a celestial body from rising to setting, p. 10. 

Arc, Nocturnal. — ^That part of a circle parallel to the equator 
described by a celestial body from setting to rising. 

Arc of Metrogradation. — See JRetrogradation. 

Arcturus. — The principal star in the constellation Bootes, and 
one of the brightest in the northern heavens, called also 
a Bootis, p. 125. 

Argo Navis. — A very extensive southern constellation, intro- 
duced by the ancients. Its inconvenient extent has led Sir 
John Herschel to subdivide it into four parts, by which 
alteration the stars are more readily referred to. These 
subdivisions are. Carina, Puppis, Vela, and Malus: p. 124. 

Argument is a term used to denote any number or quantity by 
which another may be found. 

Argument of latitude. — The distance of a body from one of the 
nodes of its orbit, upon which the latitude depends. 

Ariadne. — One of the minor planets, p. 155. 

Ariel. — ^A name given by Sir John Herschel to one of the 
satellites of Uranus, p. 112. 
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Aries. — The first mgn of the zodiac, which the Sun entcra at I 
the vernal equinox on the Slst of March. It is one of the 1 
ancient zodiacal constellations. The commencement of this I 
eign, called the _fii-st point of Aries, ia the origin from which. ■ 
the right aacensiona of the heavenly hodies are reekoned. I 
upon the equator, and their longitudes upon the ecliptic ^ I 
pp. 11, 124. 

Ascending Node. — See Node. 

Ascendinff Signs. — ^The signs Capricomua, Aquarius, Pisces, 
Aries, Taurus, and Gemini, in. ivhich the Sun appears to 
ascend towards the North Polo, or in which his motion in 
declination is towards the nortli. 

Aseension, Oblique. — The oblique ascension is the arc of i 
the equator between the first point of Aries and the 
point of the equator which rises with a star or other 
heavenly body, reckoned according to the order of the j 

Ascension. Sight.~The distance of a heavenly body from the I 

first point of Aries, measured upon the equator : p. 12 ] 

Ascensional Difference is the difi'erenoe between the right and J 

oblique asccTision. 1 

Asia. — One of the minor planets, p. 156. I 

Asteriam.. — Synonymous with ConsUllallon ; a group of stars. ] 

See Constellation. I 

Asteroids. — A name proposed by Sir "W. Herachel for the | 

minor planets between the orbits of Mars and Jupiter. I 

Astraa. — One of tho minor planets, p. 154, I 

AstroTttetry. — The numerical expreaaion of the apparent 1 

magnitudes of tho fixed stars, p. 123, I 

Auilanta. — One of the minor planets, p. 155, I 

Atupneatation of Moon's Stmidiameler is the increase due to J 

the difierenco between her distance from tho observer anSi 

tho centre of the Earth. I 

Auriga. — One of the ancient northern constellations, p. 134, I 
Awonia. — One of the minor planets, p. 156, ■ 
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Axis. — ^The imaginary line upon wliich a jdaaet reyolve^^ It 
is the line joining the north and aouth poleo. 

Aais of an OrUt — ^The major axis of the orbit of a planet is 
the line joining its aphelion and peiihelioii points. The 
minor-axis is the line peipendionlar to the fonner^ and 
passing through the centre of the ellipse. 

Aans of a Telescope. — An imaginary line passing through the 
centre of the tube. 

Adrmdh. — ^Ihe angular distance of an object from the north 
or south points, or the angle formed with the meridian by 
a great circle passing through the zenith and the ofcje^ 

Azimuthdl Error, — ^The deviation of a transit-instrument from 
the plane of the meridian. Its effect is greatest in the hori- 
zon, and vanishes ia the zenith. It is sometimes called the 
Meridian Error. 

B. 

BeUatrix. — ^A bright star in the constellation Orion, called 

also y Orionis. 
Bellona, — One of the minor planets, p. 155* 
Belts of Jupiter, — ^Faint dusky streaks crossing the planet's 

surface ; they are supposed to be openings in his atmio^ 

sphere, which allow of our seeing portions, of Ms dark body, 

or of the globe itself: p. 97. 
Betelgmx, — ^A bright star in the constellation Orion,, called also 

ct, Orionis. 
5t/^.— See TaU of a Cometh 
Binary System. — ^When the two stars forming^ a double star 

revolve about each other, as is frequently the case, they are 

said to compose a binary star,, p.. 135. 
Bootes. — One of the ancient northern constellations, p.. 124. 

e. 

CaHum. — ^An abbreviation of Ccelum Sculptorium^ one of the 
southern constellatLons introduced by LacalQe. 
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Calendar. — A tabular Btatemeat of the chronological tipodia 
correeponding to any year, with the fixed and moveable 
festivala, and other matters connected with the reckoning 
<tf time. 

OdUiope. — Obs of the minor plAnete, p. 155. 

Calypso. — One of the minor planets, p. 155. 

Oamtlopartlus. — A northern constellation introduced by He- 
Ti^us of Sontzip, one of the moet distinguislted astrononiers 
of the seventeenth century. 

Oameer, — The fourth sign of the zodiac, which the Sun enter* 
about the 2lBt of June, and one ai the ancient zodiacal 
constellatiDnH. The beginning of the sign Cancer, yO° dis- 
tant &om the first point of Aries, is called the Sumitter 
Soktiee: pp. 11, 124, 

dnwu Venafici. — A northern constellation introduced into the 
heavens by Hevelius, p. liG. 

Ccmit Majvr. — An ancient Bouthcm constellation ; the prin- 
cipal star is called Siriua : p, 124 

Ganis Minor. — An ancient southern constellation; the prin- 
cqtal star is called Procyoa; p. 124. 

Campus. — The principal star in the sonthem constellation 
Argo Navis, and one of the br^htest in the heavens ; called 
also a. Argus. 

Capella, — The bright star in the northern constellation Auriga; 
called also a Aiirigx. 

Capricomua. — ^Tho tenth sign of the zodiac, which the Sun 
enters about the 21st of December, and one of the ancient 
Bodiaoal constellations. The beginning of the sign Capri- 
oaraoB, 270° from the first point of Aries, is called the Win- 
UrSoiitUe: pp. 11, 124. 

Cardinal Points of tki Ecliptic. — The equinoctial and solstitial 
points, viz., the oommenccment of Aries and Libra and of 
Cancer and Capricomas : p. 14. 

Cardatal Ftrints of the IToriiso*. — The east, west, north, and 
nth points of the horizon. 
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Cardinal Signs. — ^The signs which the Sun enters at the equi- 
noxes and solstices, viz., Aries, libra, Cancer, and Capri- 
comiis : p. 14. 

Cassiopea. — An ancient northern constellation, pp. 124, 127. 

Castor. — One of the principal stars in the zodiacal constellation 
Gemini, and remarkable as being composed, under telescopic 
examination, of two stars, which are found to be in motion 
round their common centre of gravity; it is called also 
a Geminorum : p. 136. 

Catalogue of Stars. — A list of the right ascensions and decli- 
nations of certain stars arranged in order of right ascension. 
Some of the more extensive catalogues contain twenty, thirty, 
or even forty thousand stars, and upwards : p. 125. 

Cmtaurus. — One of the ancient southern constellations, p. 124. 

Centesimal Division. — ^A division of the circle occasionally 
employed in astronomical tables. The circumference is 
divided into 400 degrees, each degree into 100 minutes, 
and each minute into 100 seconds. 

Central Eclijpse. — ^See Eclipse. 

Cepheus. — One of the ancient northern constellations, p. 124. 

Ceres. — One of the minor planets, pp. 96, 154. 

Cetus. — One of the ancient southern constellations, p. 124. 

Charleses Wain. — A remarkable group of seven stars in Ursa 
Major, p. 126. 

Circe. — One of the minor planets, p. 166. 

Cirdnus. — One of the southern constellations introduced by 
Lacaille. 

Circle of FerpetwjH Apparition. — ^A circle of the heavens par- 
allel to the equator, and at a distance from the pole of any 
place equal to its latitude : within this circle the stars never 
set. 

Circle, Declination, — See Declination- Circle. 

CircUy Howr. — See Hour-Circle. 

Circle, Mwral. — ^An instrument used to determine the decli- 
nation of the heavenly bodies, and consisting of a circle of 
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Ilirass connected by railii with a long motallic asin, which is 
attached to ono sido of a etone pier placed in the meridian, 
the f«leaeope being firmly fixod on tho ontflr aide of the 
circle. Mural circles have been used until within a Tory 
recent period at the Eoyal Observatory, Greenwich, and are 
still employed at Cambridge, Edinburgh, Ac. 
CireU, Transit. — An instrument designed for aBeertaiuing, at 
the Bome observation, the right ascension and declination 

Kot a heavenly body at its transit over tho meridian. It 
(iiffers Irom the mural circle in having both ends of the 
metallic axis resting usuaUy upon stone piers. 
rvtimjiolar, in the vicinity of one of the poles of the heavens. 

The eircumpolar region is generally understood to include 

that portion of the starry sphere which remains continnally 

above the horizon of any place. 
CJodc-Stars. — Certain bright stars which, from their positiona 

having been very exactly determined, are used for regu- 
lating astronomical clocks, p. 31. 
ClvsUr of Stars.— A. number of etars very closely congregated, 

BO as frequently to require powerful tcleacopes to resolve 

the mass into separate points : p. 146. 
Clijlie. — One of the minor planets, p. 156. 
Co-latitude. — ^The complement of the latitude, or ita difitrenofl 

fiora 90°. 
CoUimation, Error of. — A deviation of the centre wire of fl 

transit- instrument from its optical axis. 
OoUtnuttiofi, Line of. — Tho optical axis of a telescope. 
Columba. — One of the aouthem. constellations introduced t 

Locaillc. 
Colure, Equinoctial. — A great circle pasamg through tho poIeaB 

and the equinoctial points, 
Colwre. Solstitial. — A great circle passing through the polosH 

and tho solstitial points. 
Coma, — The nebulous atmosphere surrounding tho nnclena o 

a comet, p. 116. 
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Ootna Berenice. — One of the DorthNn constellBtioDB 

duced by Hevelhis. 
CoTTttt. — The companion or Icseer component of a double a 

sometimes termed an Acoltflt. 
Comet. — A nebnlous body belonging to the eolar Bystem, irhieh 
is Uisually visible only for b few weeka or moatlw, wbrai 
I nearest the Sun. The generality of comets ore supposed to 
I reToIve in elliptic orbits of great excentricity, and in periods 
[ -which, in most caseB, extend to hundreds and t 
I thotteands of years. See Coma, NucJeiis, Tail of a 
I and EnveUjie: pp. 6. 115. 

I Cviaetography. — The history and description of comets. 
L Cimprmion of ike Pbles is the amount of flattening at tSo 
I polar r^ons of a planet bj which the polar diameter ia less 
I than the equatorial, p. 85. 
I Concordia. — One of the minor planets, p. 155. 
I ConJtffurafioJi, generally. — The relatiye positions of e 
I ■ staTB or other celestial bodies. ^^_ 

I Configuration of Ji^itcr's Satellite. — Their relative poeil&av 
I with respect to the primary. 
1 Conjunction. — Two bodies ore said to be in conjunction when 
they have the same longitude or right aseensioa. The Moon 
I ia in conjunction with the Sun at the time of new Moon, 
I hoth lumiuariea having then the same longitude ; this is the 
I Eeliptit conjonctiou : pp. 36, 67. 

I Comtellation,, — A number of atara included within some 
imaginary figure for the sate of easier identification. There 
I are forty-eight* constellations which were formed moro 
than two thousand years ago, and are all referred to by 
Claudius Ptolemy, the Egyptian astronomer, in his great 
work caJled the ' Almagest ; ' these are usually termed the 
anaent constellationB. Others wore introduced by Hevelina, 
a famous Prussian astronomer of the seventeenth century, 
and more recently M. de LocaiUc has added a considerable 
' Ftolemj hu the constelliilioa Anlinous, now iuoladed in ^fuffll^^H 
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nnmber to fill up vacant spaces in the southeni teaveiia. 


Some of tlie stare have proper names attached to them, by 


which they are commonly distinguished; but the great 


majority of those visihle to the naked eye are known either 


by a number or letter, followed by the name of the confltel- 


lation in which they are included : the Greek alphabet is 


employed for this purpose aa far as it extends. Thus the 


bright star in the head of Taurus is called Aldebaran, or 


» Tauri ; another, /3 Taiiri, and bo on. The following ia o^^h 


list of the consteliationa, as arranged at the present day ^^^H 


the first astronomical authorities: — ^^^| 


1, — ]^ Ancient ConsteSatiom. ^^M 


Northern: iwentij in nitrnfoi-. ^^^ 


Andromeda . Andnmieda 


HercnlcB . . Herculet ^^H 


Aqaila , . . The Eagle 


Lyra . . . The Lyre 


Anriga . . . The CharioUer 


Ophi«ch», ,„„ 
or Serpen- - ^^J^ 


Bootes . . . Bootes 


Casaiopea . . Caa^opea 


tarius ] 


Cepheus . . Cepheita 


P.g». . {""^fj»'"» 


Corona Bo- 1 The Northern 
realis J Crown 


Perseus . . Pentus 


Cygons . . . The Swem 


Sagitta . . The Arrow 


Delphinns . . The Dolphin 


Triangulum , The Tnmngle 


Draco . . . The Drayott 


Ursa Major . The (ft. Bear 


EquulflMB . . Mptahttg 


Urea Minor . The Lit. Bear 


Zodiaml: twelve !n nuvAer. 


Absb . . .The Bam 


Scorpio , , TU Scorpion 


TanruB . . . T7ui Ball 


Sagittarius . The Artlier 


Gemini , . Tfte Twine 


Capricormifl . The Qoat 


Caooer . . . Tlie Crab 


^^- ■ r^r 


Leo. . . . The Lion 


Viigo . . .The Virgin 


Piscea . . . The FUlta 


^^l>ra . . . The Balance 


^^^ 
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Souihem : Jifieen in number. 



Ara . . • 

Argo Navis 
Canis Major 
Canis Minor 
Centaurus • 
Cetus • • 
Corona Aus- 
tralis 

Corvus . . 



. The Altar 
. The Ship Argo 
. The Ot. Dog 
. The Lit Dog 
. The Centaur 
. The Whale 

}The Southern 
Crown 

, The Crow 



Crater . 

Eridanus 

Hydra . 

Lepus . 

Lupus • 

Orion . 

Piscis Aus- 
tralis 



} 



The Cup 
Eridanus 
The Hydra 
The Hare 
The Wolf 
Orion 

The Southern 
Fish 



2. — The Constellations introduced hy Hevelius : 

Nine in number. 

Camelopardus The Giraffe 

Canes Yena- 1 The HuMing 
tici J Dogs 

Coma Berenices Berenice's Hair 

Lacerta . . The Lizard 

3. — ITie Southern Constellations of LacaiUe, as revised : 

Twenty-seven in number, 

Circinus 



Leo Minor 


. TheLesserLion 


Lynx . . 


, The Lynx 


Monoceros . 


. The Unicom 


Sextans 


. The Sextant 


Yulpecula . 


. The Fox 



Antlia Pneu- 
matica 
{Antlia)* 

Apparatus 
Sculptoris 
{Sculptor) 

Apus • . 



The Air-Pump 

The Sculptor's 
Worlcshop 



f The Bird of 
1 Paradise 
CaelaSculpto- "I The Sculptoris 
ria {Caelum) J Tools 
Chamseleon • The Chameleon 



Columba « 
Crux . , 

Dorado . • 

Equuleus 
Pictorius 
{Pictor) 
Pomax 4 
Grus • - 



. The Comjpass 
, The Dove 

{The Southern 
Cross 
( The Sword 
\ Fish 



\ 



The Painter* s 
Easel 

The Furnace 
The Crane. 



* The names within the parentheses are the abbreriations used amongst 
ftstronomers. 



w 


F 

ASDISDEX. 


17^ 


Horologjum 


. The Cloch 


Pavo . . 


. ThePeacoci! 


Hydras 


f The Waier- 
\ SruiU 


Phcenix . 


. ThePhcmix 


Piscis Volans ) The Flying 


Indue . . 


. The Indian 


(Volans) 


; Fieh 


Microsoopimn. The Mieroscope 


Ketjculiua . 


. The Net 


Mons MenEGE 


1 The Table 
j Mountain 


TeleBcopium 


. The Teleseopt 


(Mmm) 


Toucan , , 


. The Toucan 


Musoa . . 


. The Bee 


Triangulum 


1 T7te Southern 
/ Trianijle 


Norma . . 


. The Rule 


AuBtralo 


OctaoB . . 


. The Octant 







Copemiean System. — The receivecl theory of the Fniverae, I 

revired by Copernicus, a. Prussian astronomer, in tlie sis- I 

teenth centurj-. In this system the Sun occupies the central I 

place, and the planets ivith their attendant satellites revolve | 

ohout him : p. 3. 
Contact, Exlemal, in a transit of Mercury or Venus over the J 

Sun's disc, is the Joining together of the border of the planet | 

and tho Sun's edge before any part of the former is projected 1 

on the disc of the luminary : p. 73. 
Contact, Internal, in a transit of Mercury or Vernis, takes place I 

when the planet is just whoVy within the Sun's disc: p. 73. I 
Cor CaroK. — A name given to the bright star in tho constelltt- 

tion Canes Vcnatici. 
Cor Hi/drt. — The principal star in the constellation Hydra, I 

called also a Hydra;. 
Corona. — The luminous ring or 'glory' which surrounds the I 

dark body of the Moon during an eclipse of the Sun, p. 45. 
Corona AuitraVa. — One of the ancient Bouthcm constellations. J 
Corona Borealis. — One of tho ancient northern consteUations, I 

p. 124. 
Carvus, — An ancient southern constellation. 
Coemieal Jlisinij and Setting of the Heavenly Bodies. — Their 

rising and setting with the Sun. 

4n ancient southern constellation. 
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Orq^usculMm. — ^The twiH^ity p. 58. 

Crux, — One of the modem sonthem ooBBteQationSy p. 124, 

Culmination, — ^llie passage of a heaTOify body oyer the meri- 
dian of a place. 

Culminatum, XJjpptr and Lower. — ^Terms synonymous iritti 
Upper and Lower Transit. See Transit. 

Owrtate distance, — ^The distance of a body firom Hie Smi or 
Earth projected upon the plane of the ecfiptic. 

Ctups. — ^The extremities of a crescent moon or inferior planet. 

Cyde, — ^A term generally applied to an interval of time in 
which the same phenomena^ &c. recur. 

Oyde of Eclipses. — ^A period of about 6586 days, v^ch is the 
time of a revxdation of the Moon's node : after the lapse of 
this period eclipses recnr in the same order as bef ore, with 
few exceptions. This cycle was known to the ancients 
under the name of Saros : p. 48. 

Cycle, Solar, — ^A period of twenty-eight years, after which 
the days of tiie week correspond in the same order to the 
days of the monili. 

Cygnus, — One of the ancient northern constellations, p. 1^. 

D. 

J)anae,-^OiiQ of the minor planets, p. 156. 

Daphne. — One of the minor planets, p. 155. 

Dayf Mean Solar, is the interval of time which elapses between 
two sucoessive meridian transits of the mean Stm, and is 
sometimes longer, and at others shorter, than ilie true solar 
day, which is the interval between two sucoessive transits 
of the real Sun over the meridian of a place. The mean 
solar day is ^e unit of time in common nae amongst us : 
p. 29. 

Day, Sidereal, is the interval elapsing between two suooesdre 
meridian transits of a fixed star, and is equivalent to 
23^ 56°" 4'-09 mean solar time : p. 31. 

Declination, — ^The angular distance of a heavenly body from 
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ftjlfae eqoator either nortii or soutli. The complement of tha I 
declination ia termed tiie palar distance. 

SteUnation-Circk of aa eqtmtoreal instrumont is a gradu&tsdi] 
oirole by means of which the telescope may be fixed to any i 
declination required. 

Degree, in the sexagesimal division of the circle, ia the 360Ui ■ 
part of the circumference ; in the centesimal division, whidi ■ 
is much lesa used, it is tlie 400th part. 

Delphinus. — One of the ancient northern eonatellationa. 

Densb, — The principal star in the constellation Cygnus ; called.) 
also a, Cygni. 

Density. — The amount of solidity of a body. The planets hsra' 
various densities, Saturn being the lightest, and hardly 
exceeding the density of oork. 

Detemdimg Node. — See JForf*. 

Descendiriff Sifftu.—THie signs Cancer, Loo, Virgo, Libra, 
Scorpio, and Sagittarius, in which the Sim appears to 
descend &om the north pole, or in which his motion 
declination is towards the south. 

Diaauter, A^yxu-erU.—The angle which the diameter of 
heavenly body subtends at any time, varying inversely 
its distance. 

Diameter, True.— The real diameter of a heavenly body, com-" 
monly expressed in miles. 

Diana. — One of the minor planets, p. 156. 

IHdiotomized. — A term appUed t« the Moun when her longi- 
tude differs 90" from that of the Sun, in which position only 
half of her disc is illiiminated. 

Differential Observations. — A term frequently apphed to ob- 
servations of differences of Right Aaeension and Declination 
between a comet or planet and a star, the position of which 
either already determined or to be determined, taken by 
1 micrometer. Such observations are made with 
an cquatoreal ; and when a comet or planet is 
ved, it is said to be compared with th( 
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Digit. — A twelfth part of the diameter ; a term employed to 
denote the magnitude of an eclipse. 

Diminution of Obliquity, — ^A slow approximation of the planes 
of the ecliptic and the equator at the present rate of 0"'485 
annually. 

Dione. — A name given by Sir John Herschel to the fourth 
satellite of the planet Saturn, p. 110. 

Direct Motion, — See Motion, 

j}igc, — ^The visible surface of the Sun, Moon, or planet. 

Distance, in speaking of double stars, is the space separating 
the centres of the two stars, expressed in seconds of arc. 

Dorado, — One of the southern constellations introduced by 
Lacaille. 

j)oris, — One of the minor planets, p. 155. 

Double-image Micrometer. — A micrometer having one of the 
lenses divided, and capable of being separated a certain 
distance by a screw, which at the same time moves an 
index upon a graduated scale ; a double image of the object 
is formed by the separation of the divided lens, and the 
diameters of planets, distances of double stars, &c. can be 
determined. The proper adaptation of this instrument is 
for the measure of very small arcs ; but a graduated circle 
is always attached, which enables the observer to note also 
the angle of position. 

Dovhle Star. — ^When two stars lie so close together as to be 
separable only with the telescope, they are considered as 
forming a double star : some thousands of such objects exist 
in the heavens. The duplicity may be owing either to an 
optical or physical cause : thus, if two stars are nearly in 
the same line of vision, though one be at a vast distance 
behind the other, we shaU see them close together, in which 
case the two objects form an optical double star, having no 
other connexion but the accidental and apparent one which 
their situation in the heavens gives them. Again, there 
are stars which really lie near each other in space^ one of 
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them revolving round the other, agreeably, as generally 
supposed, to the law of gravitation : in this case the com- 
ponent atars are phj^cally eonnected, and tho ohjeot is 
therefore tonaeA pkyiieally double, p. 135. 
Draco. — One of the ancient northern oonstellationB, p. 124, 
DulAe. — One of tho brighter stara in tho constellation Ursa 
Major, oommonlj known oa a. TTrBSB Majoria, p. 126. 

E. 

Earth. — One of the primary planets, upon which we dwell. 
It is the third in order of distance from the Run, and is 
placed between the orbits of Tenus and Mars ; pp. 7, 
17, 84, 154. 

Echo. — One of tho minor planets, p. 15R. 

Eclipse. — An obscuration of a heavenly body arising from tho 
interposition of another, or from its passage through the 
shadow of a larger body. An Eclipxc of the Stm is caused 
by tho dark body of tho Moon passing between him and tho 
Earth. When the Moon's diameter exceeds the Sun's 
diameter and their centres nearly coincide, a total eclipse of 
the Sun takes place: if the Moon's diameter bo the less, 
then tho eclipse is termed annular, because the only visible 
portion of the San appears as a bright ring or annulus 
round the Moon's dark body. If the centres of tho Snn 
and Moon exactly coincide, the eclipso is said to be centra! ; 
and in this case, if the apparent diameters of the two lumi- 
naries are the same, the eclipse will he total, withoitt mn- 
tiwuawx. When the centres do not nearly coincide, a 
portion only of the Sun's disc is covered, and a partial 
-eclipse occurs. An Eelipse of the Moon is caused by her 
passing through the shadow of the Earth, and may he total 
■vt partial, according as she is entirely or partially immersed 
in. it Eclipses of Jupiter's Satellites are owing to a similur 
canse, viz., the passage of the satellites through the shadow 

, of the planet : p. 39. 
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BeUptie. — ^The great drcle of the heayens which the Sun 
appears to us to describe in the coui^ of a year, in conse- 
quence of the Earth's motion round that luminary. The 
plane of the ecliptic or of the Earth's path is the general 
plane of reference in astronomy : p. 10. 

EoUpUc Conjunction, — See Conjunction, 

Ecliptic Limits, — Certain limits of latitude within which ecfipses 
take place, and beyond which they cannot occur. The Solar 
ecliptic limits in reference to the Moon's latitude are thus 
defined : an eclipse of the Sun will be certain when the latL- 
tude of the Moon is less than 1° 23' 15'', and impossible when 
it is greater than 1^ 34' 52" ; between these limits it will 
be doubtful, and a calculation is required. And fo^ the 
Lunar ecliptic limits it is found that an eclipse of the Moon 
is certain when her latitude is less than 51' 57", and im- 
possible when it exceeds 1° 3' 45" ; between these limits it 
is doubtful, and requires a calculation as in the former 
case. The Ecliptic Limits are sometimes given in reference 
to the Moon's distance from one of the nodes of her orbit, 
or to the distance of the centres of t^e Sun and Moon ; but 
the limits in re^spect to. latitude are more certain : p. 11. 

Ecliptic, Ghliqmty of the, is the angle between the planes of 
the ecliptic and the equator ; or, in other words, it is the 
inclination of the Earth's equator to the plane of her annual 
path, upon which the seasons- depend. At tiiie beginning of 
the year 1863, the obliquity of t^e ecliptic amounted to 
23° 27' 2^^^ ; but it is subject to a diminution of about 48" 
in a hundred years: p. 11. 

Egeria, — One of the minor planets, p. 154. 
Egress at a transit of an inferior planet over the finn, is the 
passing ofP of the planet from his diso : p. 73. 

M^Tnents of an Orbit are certain numbers wMdi define the 
path of a heavenly body in space, and enable the astronomer 
to calculate its positions for past or future times. 

Ellipse. — One of the three sections of a cone produced by 
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cutting it obliquely by a plane passing throngh its opposite 

Elongatiifm. — Tho angular dietanco of a heavenly body &om. 
the Sun, eastward or westward : pp. 38, 64. 

Emersion. — ^33ie reappearance of un object after undergmng 
eclipse. 

Etiedtufat. — A name proposed by Sir John Herschel for the 
second satellite of Saturn, and now generally adopted: 
p. 110. 

Eimehpe. — A stroom of light encirpling tho head of a comet j 
on the side near the Sun, and passing round it so as to form 
the wunmencement of the tail. The envelope is not seen in I 
all comets. 

^liaiteris. — A tjibalar statement of the geoceatrie positioiis ! 
of the Sun, ifoon, planota, or comote, for orary day at a 
certain hour, or less frequently. 

Epoch. — The time to which certain given numbers or ijuautitiee 
apply. 

EqvaiMn of dis Certtre. — ^The difference between the tme and I 
mean anomalies of a planet. J 

E^[Wtlion of Equinoxes. — The difference between the mean and 1 
apparent places of fie equinox. 

Equatinn of Time.— the difi'erence between meaji and apparent | 
time. See Timt. 

Equator, Cdetl'mJ. — The equator of the Earth, if extended to 
the heavens, would tnioe oct n circle called Iho C'elettitd 
Equator, and the apparent diurnal motions of the stars and 
planets due to the revolution of the Earth upon her axis, 
take place in the plane of tbia equator. It is sometinieB 
crdled the Equinoctial, p. 7. 

Eqiuiioreal. — An instrnmoit designed fbrascertaltiing the posi- 
tion of a heavenly body in any situation with respect to 
tho meridian. Mural circles, transit-in stmments, &c., ore 
permanently fixed in tho meridian ; and no observation of 
Rltar can be taken witli them until it has arrived on that 
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line ; whereas the equatoreal can be directed at pleasure to 
any part of the heavens, and is consequently an important 
addition to an observatory. With the help of two cirdes, 
perpendicular to each other, a star may be readily found if 
its declination or polar distance and the hour-angle^ east 
or west, be given. 

Equatorial Horizontal Parallax (see Parallax), p. 73. 

EqvinocUfil Time, — See Time, 

Equinoxes. — ^The two points of intersection of the ecliptic and 
the equator ; so called, because on the Sun's arrival at either 
of them, the night is equal in length to the day, throughout 
the world. That point where the Sun crosses the equator, 
going north, is termed the Vernal Equinox ; and the opposite 
point, where he passes with a southerly motion, is called 
the Autumnal Equinox : p. 11. 

Equvlevs, — One of the ancient northern constellations. 

Era of Ndbonassar. — ^A date of some importance in astronomical 
chronology, which is fixed by several ancient lunar eclipses 
observed at Babylon. The commencement dates from 
B.C. 747. 

Eraio, — One of the minor planets, p. 156. 

Eridanus, — One of the ancient southern constellations, p. 124. 

Eugenia, — One of the minor planets, p. 155. 

Eu/nomia, — One of the minor planets, p. 154. 

EwpTirosyne, — One of the minor planets, p. 155. 

Eurojpa. — One of the minor planets, p. 155. 

Eurydice, — ^One of the minor planets, p. 156. 

Euterpe, — One of the minor planets, p. 155. 

Eveetion, — An inequality in the motion of the Moon, caused 
by a change in the excentricity of her orbit, whereby her 
' mean lon^tude is sometimes increased or diminished to the 
amount of 1° 20'. 

Excentricity, — ^The deviation of an elliptic orbit from a circle. 
It is usually expressed in parts of the mean distance of a 
planet or comet ; that is, the ratio which it bears to the 



mean diataac* is expressed numericaliy. See Angle of 

ExceiUricily. 

F. 
Faevla. — Ltiminous atreakH upon the dise of the Sun, amongst 

which the inaadas or dark spots usually appear, p. 77. 
Feronia. — One of the minor planets, p. 156. 
Fides. — One of the minor planets, p. 155. 
Field of view. — That space in the hesTena which is risible in 

a toloscope at one view. The greater the magnifjing-power 

the smaller is the_^M of view. 
Fit/ure of tlie Earth. — The form'of our globe, which is that of 

an oblate spheroid with an ellipticity of about j^, p. 7. 
Fixed Stor.— See Star. 
Flora. — One of the minor planets, p. 154. 
Focus. — A point where converging rays or lines meet. 
Folhviing, Nortli and South. — See Quadrant. 
Fomalhaat. — The bright star in the oonstollation Pisces Aus- 

tralis, called also a Piscis Austrnlis. 
Fornax. — One of tie southern constellations; introduced by 

Lacaillc. 
Fortuna.—Qaa of the minor planets, p. 154. 
Friia.—Oaa of the minor planets, p. 156. 
Frigga. — One of the minor planets, p. 156, 

G. 
Galaetie. — Having relation to the Galaxy, or Milky Way. 
Galatea. — One of the minor planets, p. 156. 
Oiiioa^.— The Via Laetea, or Miliy Way. See Via Lattea 

p, 142. 
Oemini. — The third sign of the zodiac, which the Sun enters 

about the Slet of May. It is ono of the ancient zodiacal 

constellations: pp. 11, 124. 
Geocentrk. — As viewed from the centre of the Earth, p. 66, 
OeQcentrie hititvAe, — See Latilvde, 
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GilAiyiia. — A name distinguishing the form of the illuiuiiiatni 
portioa of a planot'a disc, when it oxcccda a semiuircle bnt 
is loss than a circle, p, Di>. 

Onomon. — An instrument in use amongst the oncienta for de- 
termining the altitude of the Sun, particularly on the days 
of the Boktices anil cqtiinoxes. 

Qravilation, Law of.- — The great law of nature, estnblished by 
Sir Isaac Newton, which teaches that every particle of mat- 
ter in the universe has a tendency to attract every other 
partiele with a forco proportioned to the mass of the at- 
tracting body, aud iiivcracly as (he Bquaro of the distance 
between them, p. 20. 

Gravity, Terrestrial, is that law of nattrre in virtue of wbich 
all bodies have a tendency to full towards the centre of flie 
Earth. 

Gregorian Style. — The present improved method of reckoning' 
time, commenced by Pope Gregory XITI. in 1582. The 
Julian year being longer than the astronomical year, llw 
equinox in the fifteenth century considerably preceded the 
Slat of Mardi, the day fixed on the arrangement of the 
calendar by the Council of Nice, a.h. 325. To remedy this 
inconvenienee (the effect of which, in the lapse of time, 
would have been to bring about winter in June, and sum- 
mor in December), the Gregorian rale enjoins ttiat, instead 
of making every fourth year a bissextile, or leap year of 366 
days, those only of the secular years 1600, 1700, 1800, &e., 
which are oomposod of a tamAer of centuna divisiblo by 4 
without remainder, shall con^st of this number of days, 
allothers being limited to 365. Thus in the Gregorian atyle, 
1600, 2000, 2400 are leap yeara, 1700, 1800, 1900, Ae. 
commcm years. In speaking of so many Gregorian yean, 
it is implied that the reckoning is made upon tlio above 
rule. Russia is the only European country where the Julian 
' ' e present day. The Or^/orian is akm 



called the n 



■styk: p.; 



H. 

Sarmonia. — One of the minor placets, p. 155. 

Earvut Moon. — About tho autunmal equinox tho Moon risea 
for several consecutive evenings nearly at the eame hour ; 
and, in consequence of the advantage which the fannor is 
snpposed to derive from this additional length of moonh'ght, 
the fiill Uoon neai'ost tho autumnal equinox has hecn styled 
the Harvest Moon. 

Head of Comet. — The brighter part of a comet, from which 
tho tan proceeds, p. 116. 

Sfbe. — One of the minor planets (see Planet), p. 154. 

Beliacat. — A star ia aaid to rise heliacaliy when it first hecomes 
visible m the morning, after having been hidden in the Sun'a 
rays, and it »eU hellacaUy, when it is first lost in the strong 
evening twilight, owing to proximity to the Sun. The term 
heliacal was used by the ancient poetical writers. 

Helioeentrie.—Ks seen from, or having reference to, the centre 
of the Sun, p. 66. 

ffdiomaier. — -An instrument designed for the aeeurate measure- 
ment of small distances. 

Hemisphere. — Half the surface of the heavens. The celestial 
equator divides the heavens into two hemispheree, tho 
northern and the southern, p. 7. 

HmxuUs. — One of the ancient northern conslellationa, p, 124. 

ffesperia.—Oac of the minor planets, p. 156. 

Hatia. — One of the minor planets, p. 155, 

Horary motion.— Th» motion of any heavenly body in the space 
of an hour. 

ZToWmh.— The sensible horizon is that circle of the Leavens 
whidi limits our view, whose plane touches the Earth at tho 
Bpeetdtor. The rational, or true horizon, is a great drclo 
of the bcavcDs, pBrallcl to the setmble horizon, but passing 
through the centre of the Earth : p. 2. 

Borisotttal ParadcuE.—^fi ParaUa.i!. 

Harm of the Moon.— Tho extremities of the lunar creacent. 
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The Moon is said to be homed when she appears in the form 
of a crescent. 

Hcn'ologium, — One of the modem southern constellations. 

Hour-angle, — ^The angular distance of a heavenly body east 
or west of the meridian. 

Sour-eircle, — A graduated circle in an equatoreaUy-mounted 
instrument by which the hour-angle of a heavenly body is 
indicated. With the aid of a sidereal dock the hour-cinde 
enables an observer to find the right ascension of any object. 

Syades. — Certain stars in the constellation Taurus^ near the 
bright star Aldebaran, p. 128. 

Hygieia. — One of the minor planets (see Planet), p. 154. 

Hyperbola, — One of the conic sections formed by cutting a 
cone by a plane which is so inclined to the axis that when 
produced it cuts also the opposite cone^ or the cone which is 
the continuation of the former on the opposite side of the 
vertex. 

Hyperion. — ^The name by which the seventh satellite of Batum 
is distinguished^ p. 110. 

I. 

Immersion, — The disappearance of a heavenly body when 

undergoing eclipse. 
Inclination of an orbit. — ^The angle which the path of a planet 

or comet makes with the plane of the ecliptic. 
Indus, — One of the niodem southern constellations. 
Inequalities, Secular, in the motions of the planets are small 

irregularities which become important only after the lapse 

of hxmdreds of years. 
Inequality, Great, of Jupiter and Saturn, is a variation in 

their orbital positions, caused by the disturbing action of 

one planet on the other, which goes through all its changes 

of magnitude in about 918 years. 
Inferior Conjunction of Mercury or^Venus. — ^The planet is said 

to be in inferior conjunction when it is situated in the samd 



longitude as the Sun, and between iJtat iuminary a 

Utrih. 
Inferior Flanel. — See Phnet. 
Intensity of Lu/ht. — The degree of brightneas of a planet or 1 

comet, expresaed as a number varying with the distance 

the body &om the Sun and Earth. 
Intercalary.— Any period of time interpolated in the c; 

for the purpose of accommodating the mode of reckoning with J 

the course of the Sun. The Chinese calendar hi 

an intercalary month, and our own calendar in. bifisextilo | 

yeara un intercalaiy day. 
Irene. — One of the minor planets, p. 154. 
/m.— One of the minor planets, p. 1 54. 
liie, — One of the minor phinets, p, 155. 



Japelm.- — A name aasignedby Sir John Herscheltothe*ijA(i,. J 
or exterior satellite of Saturn, and now generally adopted^ J 
p. 110. 

Jovicentrie. — Ab aeen from, or having relation to, Uie oentrftl 
of Jupiter. 

Julian Period.— A period of 7980 years, first imagined by 1 
Scoligor, It is the product of the numbers 15, 19, and 2 
which are resiJectively the lengths in years of the Indiction,, I 
Metonic Cycle, ajid Solar Cycle. The Julian period dates! 
from the year 4713 s.r. ; and, as the name implies, the \ 
reckoning is esclusively by Julian years, p. 33. 

Julian Style. — The mode of reckoning instituted by Julius | 
Cffisar, in which every year divisible by four without a 
mender consisted of 366 daya, and all others of 305 ; it- i 
is also called the old style: p. 33. 

Jidian Year. — A period of 365^ days, which was adopted as J 
the length of the year after the reformation of the calendar I 
by Julius CEEsar: p. 33, 

Juno, — One of the minor planets (see Planei), p. 154. 
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Jupiter, — One of the ancient superior planets^ and the largest 
in the solar system : see Planet : pp. 96, 154, 156. 

K. 

Kepler^ 8 Laws, — Certain laws of nature, discovered by £epler 
early in the 17th century. I. The primary planets rey«dve 
about the Sun in ellipses, having the Sun in one of ilie fod. 
II. The planets describe about the Sun equal areas in equal 
' times. ' in. The squares of the periodic times of the planets 
ere to each other as the cubes of their mean distances from 
the Sun. The first two of these famous laws were announced 
by Kepler in 1609, and the third in 1618. 

I- 

Lacerta, — One of the northern constellations, introduced by 
Hevelius. 

LcBtitia, — One of the minor planets, p. 155. 

Latitude, Geocentric, — ^The angular distance of a place from tibe 
equator, as corrected for the oblateness of the Earth's form. 
It is the geographical latitude diminished by the an^h of 
ike vertical, 

Latitvde, Geographical, — The angular distance of a place from 
the equator, assuming the Earth to be a perfect sphere : p. 2. 

Leda, — One of the minor planets, p. 155. 

Lens, — ^A transparent substance with curved surfaces. The 
glasses of a telescope and of spectacles are lenses. A lens 
may be convex pn both sides, or it jnay have both sides 
concave ; one side may be convex and the other concave, one 
side plane and the other concave, or, lastly, one side may be 
plane and the other convex. 

Leo,— ^Q fifth sign of the zodiac, which the Sun enters about 
the 22nd day of July ; it is one of the ancient zodiacal con- 
stellations : pp. 11, 124. 

Leo, Minor, — ^A modem constellation, introduced by HeveJius. 

Leto, — One of the minor planets, p. 156. 
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».— One of the ancient aouthem consteUntions. 

Leueothat. — One of the minor planets, p. 155. 

Levd-Error m the doviatioii of the axia of a transit-instrument ] 
fiom the horizontal position. 

Ztira.— The sa'enih sign of the zodiac, which the Snn ent«re ' 
about the Slet of September ; it b one of the zodiacal con- ] 
stellAtiona. The oommencement of the sign Libra, where ' 
the equator intorsecta the ecliptic, is called the autumnal ' 
equinox: pp. 11, 1^4. 

LibratwnoftJieMoon.—A-n. apparent oscillatory motion of the 
Moon, whereby we sometimes see a little further round one 
aide than at others. Her motion upon her axis is uniform, 
but her orbital motion is not so, and thi^ want of adjustment 
givesrise to what is termed the Ubration in limgitade. Again, 
the aids of rotation is not quite, though nearly, perpendiculaj 
to the piano of her orbit, whereby ia occasioned a Hfcrad'ow 
in latiiude. Hyjihysieal Ubnztion ia implied aueh an anomaly 
as would he produced by an actual change in the velocity 
of rotation: p. 91. 

Limi. — The border of the diao of the Sun, Moon, or a planet : 
pp. 41, 76. 

Limiting PciraUeis. — The parallels of latitude upon the Earth's ^ 
surface within which occultations of stars or planets by the I 
Moon are possible. They are ^ven for each occultation in 
the ' Nautical Almanac,' but are not to be nnderetood ae im~ 
jdying that the phenomenon is necessarily visible at any 
place within the limits. 

Line of ColUmation. — See CoUimation. , 

lane of Jfodea.—lhe imaginaiy line joining the ascending and | 
descending nodos of the orbit of a planet or comet : p. 39. i 

Longjtnde, Geocentric. — The geocentric longitude of a heavenly 
body is its angular distance from the first point of Aries, 
measured uiwn tho ecliptic, as viewedjfrom the Earth : p. 66. 

Longitude, HeUoceittrie. — The angular distance of a body from 
tho first point of Ariea measured upon the ecliptic, as seen 
from the Sun: p. 66, 
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Longitude, Mean. — ^The angular distance of a planet or comet 
from the first point of Aries, supposing it to have moyed. 
with its mean rate of motion : p. 12. 

Longitude, True, — ^The real angular distance of a planet or 
comet from the first point of Aries : p. 12. 

Longitude of a place, upon the Earth's surface, is the arc in- 
tercepted between its meridian and that of some other fixed 
station used as a line of reference. The English astrono- 
mers and geographers reckon their lon^tudes from the 
meridian of the Royal Observatory, Greenwich. The Frendi 
count from the meridian of Paris, and the Germans from 
that of Berlin. The whole circumference being divided into 
360° or 24 hours, each hour corresponds to 15*^. In astro- 
nomy it is more convenient to express the longitudes in 
hours, minutes, and seconds. 

Longitude of perihelion. — ^The longitude, as viewed from the 
Bun, of that point of the orbit of a comet or planet which is 
nearest to him. It is one of the elements of an orbit. 

Lumih'e eendrie. — A French term (literally signifying ash- 
coloured light), which is occasionally used by astronomers to 
denote the faint illumination of the dark part of the Moon's 
surface about the time of new Moon, caused by sunlight 
reflected from the Earth to our satellite. 

Lunar Distances. — ^The angular distances between the Moon 
and certain bright stars or planets, which are much used in 
navigation for finding the longitudes. 

Lunation. — The period in which the Moon goes through every 
variety of phase, viz. one synodical revolution. 

Luni'Solar Precession. — See Precession. 

Lupus. — One of the ancient southern constellations. 

Lutetia. — One of the minor planets, p. 155. 

Lynx. — One of the modem northern constellations, introduced 
by Hevelius. 

Lyra. — One of the ancient northern constellations; p. 124* 
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MacTiUe. — Dark spots which aro frequently observod upon thi 
Sun'a disc, p. 75, 

Ma^iUanic Clouds. — A popular term for the two Ntihei-ulce o 
great cloud-like oiijecta in the southern heavens, p. 153. . 

Magnitude of an Eclipse. — ^The proportion which the cclipBcd 
part of the surface of the Sun or Moon hears to the dia- 
meter. It is sometimes expressed in digits, but more fre- 
quently as a decimal, the diameter heing taken as uniti/. 

Mfigniludes of Stan. — Their relative degree of brightness. 
The fixed stars are arranged into classes according to thoir 
intensity of hght: the first bis classes include all those di- 
stinctly visible to the naked eye ; hut the astronomer, with 
his powerful telescopes, is familiar with stars of much fainter 
orders, ranging from the seventh to the fifteenth or 
twentieth magnitudes, p. 123, 

Maia. — One of the minor planets, p. 156, 

Major Axis of an orbit, the line Joijiing the aphelion and peri- 
helion points in the ellipse, called also its transverse axna or 
diameter. 

Marhah. — The chief star in the constellation P^asns ; called 
also a Pegasi, 

Mara. — One of the ancient superior planets, the next to the 
Earth in order of distance from the Sua : pp. 92, 154. 

Mass.—hy the mass of a planet we understand its weight, or 
attractive power, expressed in reference to that of the Su 
It must not be eoufounded with the volume, which is merely 
the bulk or solid contents of the body. Jupiter has tho 
lai^est mass, Saturn coming next. 

3fa*ii7ia.— One of tho minor planets, p. 155. 

MaximiVuma. — One of the minor planets, pp. 95, 15G. 

Mean Anomahj. — Sec Anomahj, 
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Mean Distance, — ^The average distance of a planet from the 
Sun, a mean between the aphelion and perihelion distanoes. 
It is equal to half the longer axis of the eUipse^ and henoe is 
frequently termed the Semi-aans major. 

Mean Equinox, — The position of the equinox independent of 
the effects of nutation. 

Mean Motion, — The rate at which a body moving in an eUq^tic 
orbit would proceed, had it to describe the whole circum- 
ference at an equal velocity throughout. 

Mean Noon, — The time when the centre of the mean Sim is cd 
the meridian : see Time, Mean : p. 29. 

Mean Obliquity, — The obliquity of the ecliptic unaffected with 
nutation. 

Mean Place of a star is its position at a given time^ indepen- 
dent of the effects of aberration and nutation. 

Mean Sun (see Time, Mean), p. 29. 

Medium, Resisting, — ^The resisting m^ediupi is a thin, aethereal 
matter, which modem astrMiomers have supposed to pervade 
the planetary spaces, and derives its name from the resistance 
or hindrance it is found to offer to the motions of the periodi- 
cal comets, in virtue of which their velocity is diminished 
and their orbits thereby contracted at every revolution. 

delete, — One of the minor planets, p. 155. 

Melpomene. — One of the minor planets (see Planet), p. 154. 

Mensa, or Mons Mensce, — One of the southern constellationa, 
introduced by Lacaille. 

Mercury,— One gf the ancient inferior planets, and the nearest 
to the Sun : pp. 79, 154. 

Meridian, — ^The great circle of the heavens passing through 
the zenith and the poles. The plane of the meridian is the 
plane . of this great circle, and its intersection with the 
sensible horizon is called the meridian line, Tke meridian 
transit of a heavenly body is the act of passing over the 
said plane, when it is either due north or south ci the 
observer, as the case may be : p. 2. 
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Meridian Marie. — A mark upon a stone or Bome fixed object 
in the line of the meritlian of an ohaervatory, which, when 
once accurately placed, will serve to check some of the 
inatrnmcntal adjustmenta. 

Meteoric Stones, or Meteorites (see AiroliU), p. 120. 

Meteors, Periodical. — There are certain days in the year about 
Tfhich great nnmbere of meteora or falling stars have been 
observed for many years consecutively, and the regular 
occnrrenee of the phenomenon, the great velocity of some 
of the meteors, and their distance from the Earth's surface. 
Lave led astronomers to regard them as cosmical bodies 
moving in the planetary spaces, Tho epochs at which the 
periodical meteors have been moat frequently observed, aro 
about the 10th of August and the 12th of November, p. 120. I 

MetU. — One of the minor planets (sec Planet), p. 154. 

Mctonie Cycle, — A cycle of nineteen years, which contains 
235 lunations, and produces u correspondence in the solar 
and lunar years. It wa« discovered by the Qrcek mathe- 
matician Jfeton. 

Mi^rameler. — An instnunent used to measure the diameters of 
the heavenly bodies, or small distances between them. See 
Sling Micromtter ; Wire JtficrameUr. 

Mtcrotcopivm. — One of the Bouthcm coustcQations, introduced 
by I,acaille. 

Afilhf Wa;/. — See Ftffl LaetMt. 

Mimas.~~A name proposed by Sir John Hcrschel for the first 
or interior satelhte of liie planet Saturn, p. 110. 

Minor Asvi. — The shortest or conjugate diameter of the eUipse ; 
a line passing tbrongh the centre, and perpendicular to tho 
longer or trausvorso diameter. 

Minor Plajute, — Sec Phinel. 

Mira. — A name given to a remarkable variable star in the con- 
stellation CetuB, known also as o Ccli, p. HO. 

Mirack. — A nnmo given to one of the brighter stars in the 
constellation Andromeda. 

Miumotync. — One of the minor planets, p. 155. 
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Manoceros. — One of the constellations introduced by Heyelios : 
p. 124. 

Month, Anomalistic. — ^The period of the Moon's revolution 
round the Earth with reference to the line of apsides^ i, e. 
fix)m one perigee or apogee to another. 

Month, Synodical. — The period in which the Moon goes through 
every variety of phase, as from one conjunction to another, 
or one opposition to another. 

Moon, — A secondary planet ; the satellite or constant attend- 
ant of the Earth, round which her revolution is performed : 
pp. 35, 85, 156. 

Moon, Full, — The Moon is said to be full when her whole 
illuminated surface is turned towards us: she is then in 
opposition or diametrically opposite to the Sun, p. 38. 

Moon, New, — ^The Moon is said to be new when she is in eon^ 
junction with the Sun, or between that luminary and the 
Earth, p. 38. 

Moon-culminating Stars are certain stars which, being situated 
near the same parallel of declination as the Moon, and not 
differing greatly from her in right ascension, are proper 
objects for comparison with her, with a view to the deter- 
mination of the longitudes of places. 

Motion, Direct, — A body is said to have direct motion when it 
advances in the order of the signs of the zodiac, or in the 
direction of the Earth's annual revolution. 

Motion, Proper, — See Proper Motion. 

Motion, Relative, — ^The change of position of one moving body 
with respect to another which is also in motion. 

Motion, Retrograde. — ^A body is said to have retrograde motion 
when it proceeds contrary to the order of the signs, or to 
the direction of the Earth's annual revolution, p. 66. 

Motion, Sidereal, — ^The motion of a body in respect to the fixed 
stars. 

Motion, Tropical,— The movement of a body in respect to the 
equinox or tropic, which has itself a slow motion among the 
stars. See Precession, 



I 



MuUipU Stars. — When more tikan three or fuur stars appear in 
close proximity to each other, they are frequently spoken of 
collectively as a multijih star, p. 135. 



If. 



—The point immediately beneath an observer; it is ono 
of the poles of the rational horizon, the opposite polo being 
the zenith. 

i'tbula. — ^A eollection of stars so closely congregated as to 
require very powerful telescopes to separate them, and 
appearing in smaller iustrumcat^ as cloud-like spots, It is 
possible that Bome of the objects to which the term ia apphed 
may not consist wholly or partiaJly of stars, but of nebulous 
matter only; the first definition, however, implies moro 
correctly the general opinion as to the nature of the nebulte : 
p. 145. 
Nthulfe, JrrtsdlvahU. — Those nebulffi in which the component 
stars cajinot be diacemed with the aid of the telescope, p. 14f3. 
Hehulit, Planetary. — Kebulte presenting a round and pretty 

definite outUne, like the disc of a planet, p. 148. 
NebuJie, StsohahU. — Those nebnlie in which the component 

stars can he distinguished, p. 145. 
Sfebular Tltory, — A theory advanecd by the great maUiei 
tician Laplace, which supposes the gradual formation 
planets from nebulous matter, and aims at other conolosit 
which are hardly consiatcut ^th moro recent obEcrvatii 
and discoveries. 
JfeMonty of Comets. — ^The misty appearance which surronndB 
their central or nuclear part, and of which their whole mass 
is often composed, p. 116. 
Ifebuhus Stars. — Stars with a fmut cloud-Jike atmosphere, bo 
to epeak, surroimding them ; there are many objects olj 
this class in the heavens : p. 149. 
2femaiisa. — One of the minor planets, p. 155. 
Keplvne, — A superior planet, the most distant at proai 
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Icnown; the recent tliscovory of this planet from tiia 
efibcts it had produced upon the movements of Uiano^ ia 

coDBideied one of the most wonderful events in ' 
Bcienoe: pp. 112, 154, 157. 

Ifiobe. — Oue of the miaor planets, p. 156. 

Noda ore thosB points in tho orbit of o. planet or oomet wEan 
it intewocts the ecliptic. Tho Atetading Node is the point 
where it passoa from tho south to tho north side of the 
ecliptic ; the Dfseenditv/ Node is the opposite p<nnt, -wh^v 
the latitude changes from north ia south. The imaginai^ 
lino passing through the nodes is colled tho £ui« of Nodes: 
pp. 39, 63, SO. 

Node, Longitude of Out. — The distance from the first point of 
Aries, of the ascending node of tho orbit of a planet or comet. 
It is one of the dtmtyits of an orbit. 

Nunageslmal degne of the ecliptic is tho point which is at the 
greatest altitude above the horizon. 

Norma. — One of the 6onth.em consteliationB iatioduced by 
LacaiUe. 

NotIJi following. — Seo Quadrant. 

NorUt preceding. — See Quadrant. 

Nidiecula, major and minor. — Two great cloady -looking 
in tho Bouthom heavens, which, under telescopic examina- 
tion, are found to consist of a vast number of nebulas and 
dusters of stars. They are popularly known as the Magd- 
lanic Clouds: p. 153. 

Nuclevs of a Comet,— Tho condensed or star-like part of the 
head ; some comets are without perceptible nuclei : p, 116. 

Nutation. — An oscillatory motion of the Eorth's axis, due 
chiefly to tho action of tho Moon upon the spheroidal figure 
of our globe. This effect was discovered by Dr. Bradley, 
the third Astronomer Eoyal at Greenwich; p. 24. 

Nutation of Obliquity. — The difference between the mean and 
apparent obliquity of the ecliptic. 

Nyia. — One of the minor planets, p. 155. 
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Oheron. — A name given by Sir John norschel to one of 

larger satellites of Uranus, p. 1 12. 
Oblate. — Compressed or flattened. 
OhUquity of the Ecliptic. — The ineLination of the ecliptic to the 

eqnator, which amounts at prcaent tfl about 23° 27' : p. 11. 
Oamltation, as a genera! term, implies the eclipsing of one 

heavenly body by another. It is, however, commonly used 

to denote the eclipses of stars and planets by the Hoon, 

during her revolutioo about the Earth, p. 92. 
Occulted. — When one celestial body is hidden by the interpo- ' 

sition of another, it is s^d to be ocmked by it, pp. 92, 101. 
Octant. — One of the southern constellations introduced by 

tacaiUe, The south polo of the equator falls in this con- 
stellation, 
Ohfmpia. — One of the minor planets, p. 156. 
Ophiuehug, sometimes called Ser^entanus. — One of the ancient 

constellations, p. 124. 
Opposition. — A heavenly body is said to be in opposition to J 

the Sun when its longitude differs 180°, or half the circum- J 

ference : p. 07. 

Ojitical Double 5ta;-.— See BoiibU Star: p. 135. | 

Orbit. — The path described by a planet or comet about the 

Sun. 
Or6ita?.^Eelating to the orbit of a heavenly body. 
Orion. — One of the ancient southern constellatJons, p. 124. 
OscvJating EUments. — A term occasionally used, chiefly by the 1 

Gonnaa astronomers, to denote the elements of llie orbit a 

corrected to any epoch for the effect of planetary peitnrba- 



PaUt. — One of the minor planete, p. 155. 
PalUii, — One of the minor planots, p. 164. 
Pandora. — One of the minor planets, p. 165. 
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Panopea, — One of the minor planets, p. 156. 

Parabola, — A section of a cone parallel to one of its sides. 

Parabolic Orbit of a comet. — ^The elements calculated on the 
assumption that the comet moves in a paraholic curve : they 
are usually expressed as follows : — 1. The time of perihelion 
passage (T) ; 2. The longitude of perihelion (tt) ; 3. The 
longitude of the Ascending Node (ft) ; 4. The inclinatioii 
of the orbit to the ecliptic (i) ; 5. The distance from the 
Sun in perihelion (q). The direction of the comet's motion 
in its orbit is also stated. 

Parallactic Angle, — See Angle of Situation, 

Parallactic Ineqvuility, — An irregularity in the motion of the 
Moon, arising from the difference in the Sun's attraction 
when she is passing over that part of her orbit nearest to the 
Sun, to what it is when she traverses the opposite portion. 

Parallax is an apparent change in the position of an object, 
arising from a change of the observer's station. It dimi- 
nishes the altitude of an object in the vertical circle. Its 
effect is greatest in the horizon, where it is termed the 
horizontal parallax, and vanishes entirely in the zenith. 
The positions of the planets and comets, as viewed from the 
surface of the Earth, differ from those they would occupy 
were they observed from its centre by the amount of the 
parallax ; and as it is necessary in practical astronomy to 
refer all apparent positions of these bodies to the centre of 
our globe, the appHcation of parallax is a very important 
matter. The stars are so distant, that their positions are 
tiie same from whatever part of the Earth they are seen ; 
but astronomers have endeavoured (in some instances suc- 
cessfully) to discover the amount of variation in their places 
when observed from opposite points of the Earth's annual 
orbit. This change of position, which is always extremely 
minute, is termed the annual jparallax ; and the former 
effect, due to the observer's station on our globe, has been 
called the diurnal jparallax : p. 69, 
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Parallax, E^witorial Horizontal, of the Bun or Moon, is tlie 
angle subtended by the Earth's equQtorial semidiameter 
as seen &om the Sun or Moon ; p, 73. 

Parallth of Dtdinaimn are secondary arcles, parallel to the 
celestial equator, 

Parthenope. — One of the minor planets (see Planet), p. 164. 

Pavo. — One of the souttieni constellations, introduced by 
Lacaille. 

Pegasus. — One of the ancient northern eonsttillatiouB, pp. 124, 
127. 

Penumbra.— The lighter shade which siurounda tho dark ] 
shadow of the Earth in au eclipse of the Moon. The n 
is also used to indicate the light shade which usually en- | 
circles tho black spots upon the Sun's disc, p, 76. 

Perlgef. — ^That point in the orbit of the Moon whero she is | 
nearest to the Earth, or the point in the Earth's orbit where I 
our globe is nearest to the Sun. It is also used aa a general | 
torm to denote the least distance of a body &om the Earth: 
p. 18. 

Perihelion. — That point in the orbit of a planet or comet which | 
is nearest to tho Sun, p. 18, 

Perihelion Distance, — The least distance of a planet or comet 
from the Sun. 

Perihelion, Longitude of. — The distance of tho perihelion point 
from the first point of Aries, reckoned usually upon the 
plane of the ecliptic to the node, and thence upon tho orbit. 

Perihelion, Passage tlirovgk. — Tho time of perihchon -passage 
is the moment when a planet or comet arrives at its least 
distance from tho Sun, and is one o£ those numbers which 1 
are usually given for the purpose of predicting the future ■] 
positions of the object. 

Periodic liiequaliCifs. — Those disturbances in tho motions of 
the planets which ore caused by their reciprocal attraction, 
and which are accomplished in a definite period. 

Periodic Timt. — ^The intcrrol of time which elapsea from ths I 



198 AN ASTBONOMIGAL YOCABTTLABT 

moment when a planet or comet leaves any point in its orUt 

until it returns to it again. 
Periodical Meteors, — See Meteors : p. 120. 
Perisatumium, — That point in the orbit of any of Saturn's 

satellites which is nearest to the planet ; it oanesponds to 
A the term perigee in the orbit of the Moon. 
Perturbations. — The effects of the attractions of the heavesoly 

bodies upon each other, whereby they are sometimes drawn 

out of their elliptic paths about the central body. 
Phases of the Moon. — The different figures assumed by the 

illuminated portion of the Moon's disc during a lunation, 

p. 36. 
Phase, Greatest, — ^In an eclipse of the Sun or Moon, tiie greatest 

phase is said to occur when the largest portion of the disc 

of the luminary is hidden. 
Phocea, — One of the minor planets: pp. 95, 155. 
Phcemx, — One of the southern constellations. 
Photometry, — ^The measurement of the amount or intensiiy of 

light. An instrument destined for this purpose is called a 

photometer, and the magnitudes or d^^rees of brightness of 

stars so determined are i/Qim^d^ photometric magnitudes. 
Physical Astronomy is that department of the science which 

treats of the causes of the motions of the heavenly bodies : 

p. 1. 
Pictor, — ^An abbreviation of Eqmtleus Pictorius, one of the 

southern constellations introduced by Lacaille. 
Pisces. — ^The twelfth sign of the zodiac, which the Sun enteis 

about the 21st of February.' It is one of the zodiacal con- 
stellations, pp. 11, 124. 
Piseis Australis. — One of the ancient southern ccmstellatioins, 

p. 124. 
Planet, Minor. — ^The minor planets are small bodies revolving 

between the orbits of Mars and Jupiter, which have all been 

discovered since the commencement of the present century. 

They were termed asteroids by Sir W. Herschel. To dis- 



tisgaish them, nstronomera have attached female names 
taken, with a few exceptions, from the mj-tho!ogy of Greece 
and Borne. Their present number is seventj-eight* : 
pp. 94, 164. 

Plaml, Primary. — The primary planets are those opaqne 
hodiea which revolve ahout the Sun as a centre, in orbits 
not very widely differing from, circles. They are eighty- 
sis in number, viz., Mtrewnj, Fistiws, the Earth, Mara, 
the seventy-eight minor planets, Jujnltr, Saturn, Uranus, 
and Ntptvau. Of these. Mercury, Venus, Mars, Jopiter, 
and Saturn have been recognized as planets from the 
remotest anticjuily. TJranus was diBCovered by Sir William 
Herschel, on the 13th of March, 17S1 ; and Neptnne whs 
found on September 23rd, 1846, in consequence of the 
calculations of M. Le Verrier and Mr. Adams, who had 
discovered, from the anomalous movements of Uranus, that 
a distant planet must exist nearly in the position where 
Neptune was sitnated. Mercury and Venus, which rovolvo 
in orbits interior to the Earth's path, are called inferior 
planets. The others, which are oatside the Earth's orbit, 
are termed superior planets r pp. 4, 6, 63, 69, 164. 

PJarmt, Secondary. ~—T\io secondary planets are tlio sateUites, 
or moons, which revolve about some of the primary planets. 
The Moon is a secondary to the Earth: p. 4. 

Pianitphert. — The celestial sphere projected on a plane surface. 

Pleiades. — A remarkable cluster of stars in the constellation 
Taunts, soven or eight of which are visible to tho naked 
eye; the telescope reveals more than two hundred; p. 128. 

PoinUra. — A popular name for the etars m and p in Ursa 
Major, a Une through which points nearly to tho pole: 
p. 126. 

Polar Arin, in the English form of an equafnreal instrument, 
is tho support of wood or metal parallel to the axis of the 
' A list oC nuDes, tciLh oUifr psrtioulan, iriU b« fonnd at tlio end of the 
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Earth, and consequently elevated to the latitude of the 
place. 

PolarCompressionis the flattening of the Earth at the poles^p. 85. 

Polar Distance, — The angular distance of. a heayenly body 
from one of the poles, counted on from 0° to 180°. 

Polaris, — The pole-star, a in Ursa Minor. 

Poles of the Eqitator are those points in the heayens towards 
which the axis of the Earth is directed. 

Pole-star, or Polaris, — A name by which the star a in Ursa 
Minor is distinguished, on account of its proximity to the 
North Pole of the equator. Bound this star the others 
appear to revolve in the course of a day : p. 129. 

Polliuv, — A bright star in the constellation Gemini, called ^also 
/3 Geminorum. 

Polyhymnia, — One of the minor planets, p. 155. 

Pomona. — One of the minor planets, p. 155. 

Practical Astronomy is a term which includes the determina- 
tion of the magnitudes, distances, &c. of the heavenly 
bodies, the manipulation of astronomical instruments, and 
everyiiing relating to the conducting of an observatory : p. 1. 

Precession of the Equinoxes, — ^A slow motion of the equinoctial 
points in the heavens, whereby the longitudes of the fixed 
stars are increased at the present rate of about 50^" 
annually, the equinox having a retrograde motion to this 
amount. The effect is produced by the attraction of the 
Sun, Moon, and planets upon the spheroidal figure of the 
Earth. Tha general precession iacludes the small variation 
caused by the planet Yenufe, &c. The luni-solar precession 
is the joint effect of the Sun and Moon only : p. 22. 

Primary Planet, See Planet, Prinmry. 

Prim^ Vertical, — The great circle passing through the zenith 
and the east and west points of the horizon. 

Procyon. — The principal star in the constellation Canis Minor, 
id sometimes called a Canis Minoris. 
T Motion of the Stars is a movement which some stars 
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are found to poBseas, iadependent of the apparent change of 
place due to tho precession of the equinoxes, and which 
may be owing either to an actual motion of Ike star ilitJf or 
to the motion of Oie solar system in space, or it may he the 
result of the two combined. The observations of modem 
astronomeis would lead to the conclusion that both causes 
operate to produce the effect ; and it is a received opinion 
at the present day, that the Sun and his attendant planets 
and comets are in motion towards a point situate in the 
constellation Hercules,^ — this su.pposition appearing to re- 
concile many of the otherwise anomalous changes of position 
exhibited by tho fixed stars ; while to account for the rest, 
certain of these obj ects are considered to have a rapid actual 
motion in the heavens: p. 132. 

Proserpiite. — One of the minor planets, p, 155. 

Fayche. — One of the minor planets (see Plantt), p. 154. 

Pythagorean System, new called tbo Copemican (see Copernitan 
Sifstem), p. 3. 

«. 

Quadrant. — The fourth part of the circumffrenco, or 90°. In 
speaking of double stars, or of two objects near each other, 
the position of one component in reterenco to the other is 
frequently indicated by the terms, north folhwivg, north 
preeediiu), south follomiu), or soutli preceding, the word 
quadrant being understood: one star being said to follow or 
precede according as its right ascension is greater or less 
tiian that of the other. 

Qyadrant of Altitwh. — A slender graduated instrument of 
brass attached to tho celestial globe and intended for ougulor 
measurement, as altitudes, azimuths, &c. It is constmcted 
according to tho length of the cgoadrant on any particular 
globe. 

Qmdratwe. — A difference of 90° in the longitudes of two 
bodies. The Moon is said to be in tjnadraturo at the ftret 
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and last qnarter, when her longitode differs 90^ from that of 
the Son: pp. 36, 67. 

Quarter, First, of the Moon. — ^When onr satellite appears exactly 
as a half-moon or when her angular distance from the San 
is 90° towards the East, she is said to he in the^rs^ quarter. 
In this case the western half of the Moon is illnminated : 
p. 38. 

(ivuxrter. Last, of the Moon. — When onr satellite appears 
exactly as a half-moon or when her angular distance from 
the Snn is 90° towards the West, she is said to he in the 
last quarter. In this case the eastern half of the Mo(m is 
iUimiinated : p. 39. 

Badius vector, — An imaginary line joining the centres of the 
Sun and of a planet or comet in any point of its orbit. It 
is therefore the measure of the real distance between the 
two bodies : p. 19. 

Bedviction of Observations, — ^The process of calculation by 
which observations are rendered subservient to the uses of 
astronomy. Thus an observation of the time of transit of a 
planet over the meridian of any place requires correction for 
the error of the clock, and for any small errors in the posi- 
tion of the instrument ; the application of these corrections 
forms the process of reduction. 

Bejkcting Telescope, — ^A telescope in which objects are seen by 
reflexion in a polished mirror. The great telescopes of the 
Earl of Eosse and Mr. Lassell are of this constnictum. 

Bejiex Zenith Sector, — A new instrument erected at the Scyal 
Observatory, Greenwich, for the measurement of small ssenith 
distances. 

Refra^ng Telescope, — ^A telescope through which objects are 
seen directly, consistmg of an ohject-glass at the end of the 
tube farthest from the eye, and a lens or combination of 
lenses at the other. 

Refraction, — Owing to the property which the air possesses, a 
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ray of light from a Btar, in entering the Earth's atmo- 
Bphere, is bent downwards towards its surface, and will 
therefore reach the eye of an obaerrer with a different 
directioa. to that it would have h ad if no atmosphere existed. 
This refraction, or bending of the rays of hght, causes oU 
the heavenly bodies to appear at a greater altitnde above 
the horizon than they really are, and the accurate numerical 
determination of the amount of rofiiiction is of the utmost im- 
portance in many clas.sea of astronomical observationa : p. 54. 

Begulus. — The principal star in the conatellaliott Leo, called 
also K Leonis. 

Remling Medium. — See Medium. 

Setieulitm. — One of the southom constellations introdnced by 
LaeaiUe. 

Retrogradation, — An apparent motion of the planets contrary 
to the order of the signs and to their orbital motion. The 
are of retroipradatitm ifl the angular distance thus apparently 
traversed. 

Retrograde Motion. — See Motion. 

jRevolution, Time of, in relation to a planet or comet, is the 
time occupied in completing a circuit round tlie Sun, and ia 
a synonymous term mih periodic time. If the interval bo 
reckoned from one perihelion or aphelion to another, it ia 
caUod the anomalinlic revolution ; if it he taken in reference 
to the equinoxes or tropica, it is called a tropiral revolution ; 
if in reference to the fixed stars, a tiiiereal revolution; and 
if the period between two passages through cither of the 
nodes he taken, it is called a g-gnodieal revolution. All these 
will differ ; for the anomalistic, synodical, and tropical periods 
aro dependent upon the motion of the lines of apsides, nodes, 
and of the equinoxes respectively: pp. 35, 48, 86. 

Jt/iea.- — A name proposed by Sir Jolui Herschcl for ihe_fiflh 
aatellito of Saturn, and now generally adopted, p. 110. 

Bigel. — One of the bright atara in Orion, called alfio /3 Ononis, 
p. 125. 
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Bight Ascension. — See Ascension, Eight 

Ring Micrometer, called also the Annular Micrometer, is a 
small circle of brass, so fixed in the eyepiece of a telescope 
as to appear to the observer suspended in the centre of the 
field of view. To determine the position of an unknown 
object with this instrument, the moments of its disappear- 
ance and reappearance on the outer and inner edges of the 
ring are noted ; and the same being done for one or more 
known stars in the vicinity, a short calculation by trigono- 
metry gives the difference of right ascension and declination. 
It is necessary to know the apparent diameter of the ring 
in arc with considerable exactness. 

Rotation, — The motion of a body about an axis. 

S. 

Sagitta, — One of the ancient northern constellations. 

Sagittarius, — The ninth sign of the zodiac, which the sun 
enters about the 21st of November ; it is one of the zodiacal 
constellations, pp. 11, 124. 

Saros. — See Cycle of Eclipses, 

Satellites are the secondary planets, or moons, which revolve 
about some of the primary planets ; the Moon is a satellite 
of the Earth. Jupiter is accompanied by four satellites, 
discovered in 1610 by Galileo, and distinguished as the first, 
second, third, and fourth, reckoning in order of distance from 
the planet. Saturn has eight satellites, the names, with 
the dates of discovery, being — 

1. Mnms . . . 1789, September 17, by Sir "W. Herschel. 

2. Bnceladus . 1787, August 19, by Sir "W. Herschel. 

3. Tethys . . . 1684, March, by Cassini. 

4. Dione . . . 1684, March, by Cassini. 

6. Rhea . . . 1672, December 23, by Cassini. 

6. Titan . . . 1655, March 25, by Huyghens. 

7. Hyperion , 1848, September 18, by Lassell and Bond. 

8. Japetus . . 1671, October, by Cassini. 
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Titan and Japetus may be seen with telescopes of moderate 
power, the others require instruments of great optical capa- 
city: Mimas and Hyperion are exceedingly faint objects. 
Uranus has several satellites, possibly six, that being the 
number which Sir "William Herschel considered he had 
seen. Four only have been observed with certainty of 
late years, by Sir J'ohn Herschel, Mr. LasseU, and M. Otto 
Struve — ^viz., 

Ariely which has a period of 2* 12^ 
Umbnel, „ „ 4 4 

Oheron, „ „ 8 17 

Titarda, „ „ 13 11 

Neptune has one satellite, detected by Mr. Lassell in 1846. 
This object, like the smaller satellites of Saturn and the at- 
tendants of Uranus, is only perceptible with very powerful 
telescopes. 

Saturn. — One of the ancient superior planets, remarkable for 
the luminous rings with which his globe is surrounded, and 
for the large number of moons circulating round him: 
pp. 103, 154, 157. 

Satumicentric, — Having relation to the centre of the planet 
Saturn. 

Schedar, — The principal star in the constellation Cassiopea, 
known to astronomers as a Cassiopese. 

Scintillation of the stars is that curious optical effect, popu- 
larly termed twinkling, supposed to be due to what is called 
the interference of light, p. 122. 

Scorpio, — The eighth sign of the zodiac, which the Sun enters 
about the 22nd of October ; it is one of the zodiacal con- 
stellations, pp. 11, 124. 

Sculptor, — An abbreviation for Apparatus Sculptoris, one of 
the southern constellations introduced by Lacaille. 

Secondary Planet, — See Planet, 

Sector, Luminous, in the head of a comet, is an emanation from 
the nucleus brighter than the rest of the coma in the form 
of a fan or sector (i. e, the space included between two radii 
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and the are they interoept) ; an appearance of this kind has 
been repeatedly observed in large comets. 

Secular Accderatum of the Moon's mean motion is an increase 
in her velocity caused by a slow change in the excentridty 
of the Earth's orbit, which has sensibly diminished the 
length of the Moon's revolution since the time of the eaifiest 
observations. Halley first noticed this effect, which was 
afterwards explained by Laplace. 

Secular Ineqyudity, — See Inequalities. 

Selenocentric, having relation to, or as seen from, the centre of 
the Moon. 

Selenography, — The description and delineation of the surfiu^ 
of the Moon. 

Semidiumdl Arc is half the arc described by a heavenly 
body between its rising and setting. 

Sequences, Method of, — ^A term adopted by Sir John Herschel 
to denote a plan of observation whereby the relatiye bright- 
ness of the stars may be determined in series. 

Serpentarius. — See CpMuchus. 

Sexagesimal division of the Circle is that usually employed at 
the present time, except for certain astronomical tables. The 
circimiference is divided into 360 degrees, each degree into 
60 minutes, and each minute into 60 seconds. 

Sextans, — One of the constellations introduced by Kevelius. 

Sextant, — An instrument for measuring distances between the 
heavenly bodies, or their altitudes above the horizon. The 
name is derived from the fact of its possessing a gradoated 
arc of a circle, 60°, or one sixih of the drcumf erence^ in 
length. 

Sidereal Astronomy, — ^That branch of the sdenoe which relates 
to the fixed stars. 

Sidereal Clock, — A clock adjusted to sidereal time, which gains 
about 3"^ 66* on mean time daily. If correctiy regulated, it 
marks the Eight Ascendon of all objects which axe upon the 
meridian above the pole at the moment. It is used in con- 
junction with the hour-circle of an equatoreal in pointing 
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the telescope to any requicod Bight Ascension, or in dster- 

taining this element wheu it is unknown : p. 31, 
Sidereal Motion^ — See Moitan, Sidereal. 
Sidereal Period. — See Sevolution. 
Sidereal Time — See Time, 
Signs of the Zodiac. — The twelve diviMona into which the 

andenta divided the zodiac. In the reckoning of longitudes 

a sign is 30°; it amounts to the aamo thing to say that the 

longitnde of a planet is 5' 10° 52" (which is 10° 62' in the 

Bigu Vii^o), or that it is 160° 52'; but the former mode of 

expresaion ia very rarely adopted at the proBent day. See 

Zodiac: pp. 11, 124. 
Siriui. — The principal star in the constellation Cania Major, 

and the brightest ia the hearcns : it is called also a Canis 

Majoria, and, hy the ancients, was termed the Dog-star: 

pp. 127, 131. 
Sdar Spectrum. — The coloured image of the Sun produced by 

le&actioa through a prism. 
Solar System. — The Sun, planets, and eometa, which are sup- 

poBod to form a system independent of the surrounding 

fixed stars: pp. 62, 133. 
Solstices are tho timea when the Sun passes through the 

eulstitial points, p. 14. 
Sohtilial Colure. — A great circle pas^ng through the poles 

and the solstitial points. 
Sol^tial Points. — The two points where the tropica meet the 

ecl^tic, in longitude &0° and 270°. 
StntiJurn Cross. — A popular term distingniahing the principal 

atara in the constellation Crux i p. 128. 
SotUliing. — The meridian transit of a heavenly body: it ia 

more a popular thou a scientific term. 
^here.- — The figure formed by the rotation of a circle. 
Splitmid.^-The figure funned by the rotation of an ellipse 

ditfering little Irom a circle. 
^lea. — The principal star in the constellation Virgo, known 

also as « Tirginia. 
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Spots of the Sim, or Macula!, are black spots of yarious forms, 
surrounded by a lighter shade or penumbra, which are 
usually to be seen upon the Sun's disc : p. 75. 

Star, Binary, — See Binary System. 

Star, Double. — See Double Star. 

Star, Fixed, — To distinguish those innumerable shining bodies 
which are scattered over the heavens from pole to pole, 
from the planets of our system, they are termed \hQ fixed 
stars, owing to their apparent fixity in the sky ; but this 
appellation is to be received only in a comparative sense : 
the stars appear fi^ed when compared with the rapidly 
moving bodies which we call planets, although it is certain 
that many of them are in motion through space at a rate 
vastly greater than that of the Earth in her orbit: pp. 6, 
122, 130. 

Star, Temporary, — ^The irregular or temporary stars are those 
which have suddenly become visible in various regions of 
the sl^, and after attaining a greater or less degree of 
brightness have as suddenly vanished. Such stars appeared 
in 1572, in the constellation Cassiopea, during the time of 
Tycho Brahe, and in 1604, in the constellation Ophiuchus, 
while Kepler was studying the heavens : p. 141. 

Star, Variable, — ^The variable stars are those which are found 
to exhibit jp^noc^icrtZ fluctuations of brightness. Every year 
adds to their number. The star /3 Persei, or Algd., varies 
between the second and fourth magnitudes in about 2^ 21**, 
and there are many others which have periods less than one 
year. Mira, or o Ceti, was the first variable star discovered ; 
when brightest it is conspicuous to the naked eye, at other 
times it is invisible, even with powerful telescopes : p. 139. 

Stationary Points of a planet's orbit are those in which, as 
viewed from the Earth, it appears to have no motion 
amongst the stars : pp. 64, 66. 

Style, New, or Gregorian, — See Gregorian Style, 

Style, Old, or JvUan, — See Julian Style, 

Sun, — ^The central body of the plwietary system, and the 



originator of light and heat. It is a vast globe more than 
850,000 miles in diarauter : p. 73. 

Superiur Gonjnnet'ion. — -When an inferior planet is situated in 
the same longitude as the Sun, and has that luminary 
between it and the Earth, it ia said to he in HUperior cou- 
jiinetion. : p. 64. 

Supmor PhnnU.—See Plajiet. 

Stuerpiruj. — A tenn frequently used to denote the survey of a 
portion of the heavens in search of eometa, &c., by inoTing 
the telescope over it, and noting- objoets as thoypass through 
the field. It eonimonly aigniflea a more rapid esamination 
than could be effected were the instrument fised, and objects 
allowed to pass by their diurnal motion. 

Sffiior/leal Period, or Jievalation. — See Btvohition, 

Si/Hem of the Universe. — An aiTiingcment of the heavenly 
bodies in such manner as to explidn their motions, and the 
various phenomena they exhibit. The system which is now 
known to be the true one was first tnugbt by Pythagoras, 
and revived by CopemicuB in the middle of the sixteenth 
century : it is itf-ncridly termed the Cnjirrnictm System. 
Other theories, advanced by Ptolemy and Tycho JBrohe, have ! 
been called the Itolemaic and Tyefionie systems : p. 3. 

Syzigy. — Either conjunction or opposition, in reference to the 1 
orbit of the Uoon, p. 36. 

T. 
TabUt, A»lronomical,~-Tht calculation of the apparent places 
of the Sun, Moon, and planets is greatly facilitatod by the 
fbnnation of tables, in which the numbers representing 
Haai orbital elements and movements are so expressed 
fhat their geocentric positions may be readily determined 
from them for any reqnired epoch. The best solar tables 
are those of Leverrior and Hansen ; and the latter raatho- 
valJcian has published most elaborate tables of the Moon. 
The tables of Mercury, Venus, and Mai's, in present use, 
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were constructed by Levemer; those of Jupiter, Saturn, 
and Uranus by Bouvard ; and those of Neptune by Kowalski. 

Tail of a Comet. — A train of light which accompanies large 
comets, extending in a direction nearly diametrically oppo- 
site to that of the Sun. Occasionally the tail is of an 
enormous length : there are instances on record where the 
head of the comet has been just clear of the horizon while 
its tail extended past the zenith. Sometimes the tail is 
divided into two branches, in which cases it is termed bifid : 
p. 116. 

Tangent Screw. — A screw by means of which a slow motion 
may be given to an astronomical instrument. It acts tan- 
gentially to a circle, and hence the name. 

Taurus. — The second sign of the zodiac, which the Sun enters 
about the 20th of April ; it is one of the zodiacal constella- 
tions : pp. 11, 124. 

Telescopic Objects. — Any objects not visible without a telescope. 

Telescopium. — One of the southern constellations introduced 
by LacaUle. 

Temporary Stars. — See Star, Temporary. 

Terminator. — The line separating the illuminated from the 
dark portion of the Moon's disc. 

Ternary System. — See Triple Star. 

Tethys. — A name proposed by Sir. John Herschel for the tMrd 
satellite of Saturn, and now generally adopted : p. 110. 

Thalia. — One of the minor planets, p. 155. 

Themis. — One of the minor planets, p. 155. 

Thetis. — One of the minor planets, p. 154. 

Tides. — The periodical rising and falling of the waters of the 
ocean, owing to the attraction of the Sun and Moon, but 
especially of the latter. When both luminaries act in the 
same direction, the tides are greatest, and are then termed 
Spring tides ; when the Sun and Moon are 90° apart, their 
effects partly counteract each other, and the tides, which 
are then much less, are termed N^eap tides : p. 49. 
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JKme, Appaeent, of Apparent Solar Time, is the time reBultvng 
from aQ observation of the Sun : p. 28. 

Time, Etpdnoctial. — A method of reckoning time for astrono- 
mical purposee, suggefited Bom« years since by Sir John 
Herachfll. The object of equinoctial time is to avoid the 
necessity of mentioning the place to which the time of an 
observation refers, for 8'' mean time at Greenwich is not S"* 
on any other meridian, but difiera therefirom by the longi- 
tude of the place east or west. Sir John Eeiachei proposed 
the moment of the vernal equinox as a starting-point for the . 
reclionbig of time, which would be common to all nations. 

Time, Mean, or Mean Solar Time.— The interval between tlie | 
times of transit of tho Sun over the meridian on sueees- 
give days is not always the same ; and consequently the 
length of the tnio solar day varies, the cause of the varia- 
tion being the unequal progreas of the Snn in the ecliptic. 
But in order to have an equable measure of time, astrono- 
mers suppose a mean Sun to revolve with the real Sun's 
mean or average motion in the ecliptic ; and a clock regu- 
lated by this fictitious Sun shows mean time. The differ- 
ence between apparent and mean time is called the Equa- 
tion of Time, the clock being sometimes before the Sim, t. e, 
showing noon before the true Sun arrives on the meridian, 
and at others after : it p. 29. 

Time, Sidereal, is the time shown by a clock regulated by the 1 
fixed stars. The sidereal day is 3°* 56* shorter than the mean | 
solar day ; and hence sidereal time gains npon mean time by 
this amount daily ; p. 31. 

TStan. — A name proposed by Sir John Herschel for the xixih I 
satellite of Saturn, and now generally adopted : p. 110. 

Tilania. — A name given by Sir John Herschel to one of the | 
brighter satellites of Uranus, p. 112. 

Toucan. — One of the southom constellationa introduced by 1 
LacaiUe. 

Transit, Upper and Lou'er. — When a star passes over the I 
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meridian of any place it is termed the upper tranfit, and 
when it arrives on the opposite meridian, the lower transit. 
The word culmination is often used instead of transit. In 
the case of an object which can be observed on the meridian 
at both transits, it is usual to speak of the lower one as the 
transit suh polo. 

Transit" Instrument. — A telescope provided with vertical wires, 
and revolving upon an axis in the plane of the meridian, 
with which the right ascensions of the stars and planets are 
determined. It is found in most observatories, and was 
used at Greenwich till the year 1851, when an improved 
transit-circle was substituted : p. 31. 

Transit of Mercury or Venus. — These planets being situated 
between the Sun and the Earth, occasionally appear to us to 
pass over his disc, from west to eewt — a phenomenon termed 
a transit. It is from observations of the transits of Venus 
which happened in the years 1761 and 1769, that astrono- 
mers have fixed the received distance of the Sun from the 
Earth : pp. 80, 84. 

Transits of Satellites, Sfc. of Jupiter. — ^With a powerful tele- 
scope, the four moons by which the planet Jupiter is at- 
tended may frequently be observed to pass across his disc, 
followed or preceded, as the case may be, by their black 
shadows, projected as round spots upon his surface. Occur- 
rences of this kind are called transits of the satellites or of 
their shadows : p. 102. 

Triangulum. — An ancient northern constellation. 

Triangulum Australe. — One of the southern constellations, in- 
troduced by Lacaille. 

Triple Star. — Three stars situate in very close proximity ; 
when physically connected they are said to form a temarif 
system: pp. 135, 138. 

Tropical Revolution. — See Revolution. 

Tropics. — Two circles of declination, touching the ecliptic at 
its greatest distances from the equator, north and south, or 



at the beginniiig of Cancer and CapricomuB, That at the I 
beginning of Cancer is called the Tropic of Camef, the 1 
other the Tropic of Capricorn^ p. 14. 

U. 
Vltrazodmeal, — Beyond tho limits of the zodiac. It h a term ' 

occasionally apphed to the minor plancta, some of which 

pass without tho ancient zodiac in the course of their n 

lutiun roond the Sun. 
Umbra. — The dork shadow of the Earth, Moon, or other 

pionet. It is owing to the Moon's entrance into the Earth's | 

uvihra that a lunar eclipse takes place. 
Umbriel, — A name given by Sir John Herachel to one of the | 

satellites of Uranus: p. 112. 
Urania. — One of the minor planels, p. 155. 
Uranograjphy. — The delineation of the constellations, &c, upon 

charts or globes. 
Uramis. — A superior planet, discovered by Sir William Her- 

Bchel on March 13th, 1781, and the most distant from the 

Sun with which we were acquainted until the discovery o 

Neptune in the year 1846. This planet was formerly termed 

Hersiltd, or the Qeorgium Sidtis, but these names have now 

fallen into disuse: pp. 110, 154, 157. 
Ursa Major. — Ono of the ancient northern constellations, | 

p. 124. 
Ursa Minor. — One of the ancient northern oonsteUationa ; I 

the north pole of the equator is situated in Ursa Minor : | 

p. 124. ^ 

Variation, Amival.—See Annual Variation. 

Variation of the Moon. — An inequality in the movement o 
our satellite, amounting at certain times to 37' in longitude. 
It is remarkable as having been, distinctly noticed by Tycho 
Srahe, and as being the first of tho lunar inequalities ex- 
aed by Sir Isaac Newton on the principles of gravitation. 
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T'efftt. — The bright atu in the northern constellation Lyra, 
called also a Lyrte : pp. 1 39, 131. 

Veruu. — One of the inferior planets, and the aecond in order 
of distance &om the Sun, pp. 81, 154. 

Vfuti, Trantit of.— See Tranail. 

Vefnier. — An appendage to the graduated oirdee of astrcmo- 
mical instruments, for measuring the subdivisionB, 

Vesta. — One of the minor planets, p. 154. 

Via Laetea, called also the Galaxy, or MiUcy Way, is that 
irregular luminous band, whiclk may be seen on any dark 
night, stretehing across the sky &om horizon to hoiiion. 
It is found to consist of myriads of stars, too distant to be 
seen separata, except in some less crowded regions, under 
the most powerful telescopic aid. Sir John Hcntchel has 
given a minute description of the course of the Via Xactea 
through the various constellations. The brightest portions 
visible in these latitudes are in the neighbourhood of Cygnus 
and Scotpio : p. 142. 

Victoria. — One of the minor planets, p. 154. 

Virginia. — One of the minor planets, p. 155. 

FiVjo.— The sixth sign of the zodiac, which the Sun entera 
about the 21st of August ; it is one of the zodiacal conatel- 
lations : pp. 11, 124. 

Volwnt. — An abbreviation of Pitcix Volans, one of the Bonth' 
em constellations introduced by Laeaille. 

Volume. — The contents of the globe of a planet, usually given 
in its proportion to that of the Earth, 

Vulpecala. — One of the northern constellations introduced by 
Hevelius. 

W. 

Wire Micrometer. — An instrmnent much used in delicate 
astronomical observations. It contains vertical and horizon- 
tal wires, the latter moveable upwards or downwards, so as 
to allow of being placed upon any star in the field of viev ; 
tlie frame containing the wires has a dronlar rockworl^ 
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tion, whioh enablea the observer to place them at any angle 
he may please with respect to the meridian. A aoale, or 
eomb (ae it is usually termed), is attached with equidistant 
divisions or teeth to mark the spaoe passed over by the 
wires, and the distance ia arc between these diyiaiona ia 
supposed to be known. There are two methods of fixing 
the place of an object with the wire micrometer in refer- 
once to a star near it, the position of which has been deter- 
mined, — 1st, by noting tho moment when each star tra- | 
verses a wire adjusted vertically, which givea at once the \ 
difference of right aHoeflfiion, and measuring with the move- i 
able horizontal wires the difference in their declinations ; , 
2nd, by turning the fixed wire round till both objects are j 
covered by it, and reading off from a divided circle pur- ' 
posely attached, the an^le of position: the distance in arc 
between the stars ia then found with the moveable wires, 
and by a trigonometrical calculation the angle and distance 
are transformed into differences of right ascension and de- 
clination. The latter method has some advantages if the 
two objects to be observed are nearly in the same right 
ascension. 

T. 
Tear. — The duration of the Earth's revolution round the 8nn, 
or of the apparent revolution of the Sun in the ecliptic. 
The sidereal year is the time "which elapses between the 
Sun's leaving a fixed star until his next return tji it, and 
consists of 365' 6* 9°" 9'-4. The tropical year marks the 
interval between two passages through the tropics, or tho 
equinoctial points, and ia therefore affected by the preces- , 
sion of the equinoxes ; it is shorter than the sidereal year, 
and in 1850 consisted of 365' 5" 48" 46'-2. The anmna- 
listic year denotes the time between two succeasivo passages 
of the Earth through its aphelion or perihelion points ; and 
as these have a slow motion forwards in, the heavens, the 
malistic year is longer than tho sidereal. 
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z. 

jStnith, — The point directly over head; it is the pole of the 
horizon : p. 2. 

Zenith Distance, — The angular distance of a heavenly body 
from the zenith. 

Zodiac, — A zone or belt of the heavens extending 9° on either 
side of the ecliptic, and therefore 18° in breadth, within 
which the Sun and aU the larger planets perform their 
annual revolutions. The zodiac was divided by the ancients 
into twelve signs, each measuring S(P along the ecliptic : 
these are Aries, Taurus, Gemini, Cancer, Leo, Virgo, libra, 
Scorpio, Sagittarius, Capricomus, Aquarius^ Pisces : pp. 11, 
124. 

Zodiacal Light, — A conical-shaped Hght, which is frequently 
to be observed in these latitudes in the spring, or early part 
of the year, above the western horizon, its axis having a 
small inclination to the ecliptic. Its usual length from 
the base to the vertex or upper point of the cone is about 
50° ; but on some occasions it has been traced to a distance 
of 90° or 100° from the place of the Sun, with which body 
it has been generally supposed to have some connexion. 
Its precise nature, however, is not at present understood. 
The zodiacal light may be observed about the autumnal 
equinox, on clear mornings, above the eastern horizon ; but 
its appearance under the most favourable circumstances in 
these latitudes is said to fall far short of its aspect in the 
tropics, where it is far brighter and more distinctly defined : 
p. 119. 

Zone of Declination, — ^A belt of the heavens included between 
certain parallels of declination. 

IHS END. 
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BOOK OF SHAKSPEARE OEMS. KSOiant L>indinpeIUiutnti<miarth>ac«tiBU- 




OATALOGUP OF NEW BOOKS, 



BOOK OF WAVERLEY GEMS. A Series of 64 luKlily-flnislied Line EnsrninnKa of the 
most interesting Incidents and itcenra in Walter Scott's Novels, l)y Ukatii, Fik[>f.\, Roxi-s 
•nd others, afler Pictures by Lbslib, Stothard, Coopeb, Howaku, ftc, irltii iilustntivt 
latter- press, Ivo. (pub. at ll. lU. 6c/.), clotb, elegantly gilt, Ite. 

BROCKEDON'S PASSES OF THE ALPS. 2 vols. medium 4to. Containing 1<^ beautiful 
EngTavings (pub. at 10/. lOt. in boards), half-bound morocco, gilt-edges, 3U 13«. 6d. 

^RITTONS CATHEDRAL CHUTCH OF LINCOLN, 4to, 16 fine plates, by Lx Keux, 
(pub. at 3/. 3«.), cloth, 1/. it. Koyal 4lo, Larje Paper, cloth, 1/. 11*. 6tf. 1837 

This volume was published to complete Mr. Britton'a Cathedrals, and is wanting in most of 
the sets. 

BRYAN'S DICTIONARY OF PAINTERS AND ENGRAVERS. New Edition, cor- 
reeled, greatly enlnrKed,and continued to the present time, by Obokgb Stakuey, Esq., com- 
plete in one large volume, impl. bvo, numerous plates of monograms, 21. 2t. 

BUNYAN'S PILGRIM'S PROGRESS, Stothakd's lUnstratcd Edition. 8vo, with 17 
exquisitely beautiful illustrations alter this delightful Artivt, executed on Steel by GoooAU. 
ana others, also numerous woodcuts, cloth gilt (pub. at 1/. 1«.), Us. 

■ the same, India Pkoofs, cloth gilt (pub. at 21. 2*.), II. U. 

BURNETTS ILLUSTRATED EDITION OF SIR JOSHUA REYNOLDS ON 

FAINTING, 4to, 12 fine pl&les, cloth (pub at 2L 2«.), 1/. Is. IMS 

-i— — the same, large paper, royal 4to, proof Impressions of Plates, cloth (pub. at il. 4t.), tU 2t. 

BYRON'S TALES AND POEMS, FiivDRif's Illustrated Edition, with 46 Engravings on 
steel, 8vo, cloth extra, gilt edges (pub. at \L 1«.), 10«. Qd. 

CANOVA'S WORKS, engraved in outline by Moses, with Descriptions and a Biogra^^eai 
Memoir by Cicoj^nari. 3 vols., imp. S^o, U»i plates, and fine portrait by Worthingtoo, half- 
bound morocco (pub. at 6/. 12«.), 21. it. 

CARTER'S ANCIENT ARCHITECTURE OF ENGLAND. Illustrated by 103 Conper- 
plate Engravings, comprising upwards of Two thousand specimens. Edited byJoHirBRlT- 
XOK, Esq. Koyal folio (pub. at 12/. 12«.), half-bound morocco, 4/. 4«. 1837 

CARTER'S ANCIENT SCULPTURE AND PAINTING NOW REMAINING 

IN KNGLAN 1), from the Esrlicst Period to the Reign of Henry YIII. With Historical and 
Critical Illui>traiion8, by Dovce, Gough, Mbyrick, Dawsok, Turner, avid Britto. 
Boyal folio, with 120 large Engravings, many of which are beautifully coloured and soveral 
illuminated with gold (pub. at 15/. lit.), half-bound morocco, 8^ 8«. 1838 

CARTER'S GOTHIC ARCHITECTURE, and Ancient Buildings in England, with 12Q 
Views, etched by himielf. 4 vols, squai* 12mo ( pub. at 21. 2t.), half morocco, 18*. 18S4 

CATLINS NORTH-AMERICAN INDIANS. 2 vols. impl. 8vo. 860 Engravings (pub. at 
S/. 12«. 6d.), cloth emblematically gilt, 1/. 10s. 
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naif bound morocco, gilt edges, «/. it, » i- » \r ,, 

CLAUDES LIBER VERITATIS. A Collection of 800 Engravings in imitation of the 
original Drawings of Claude, by Earjlom. S vol*. foUo (pub. at 31/. 10#.), haU-bouad 
morocco, gUt edges, 10/. lOs. " 

CLAUDE, BEAUTIES OF, 24 FINE ENGRAVINGS, containing sonie of his choicest 

Landscapes, beautifully Engraved on Steel, folio, with descriptive letter-press, and Portrait. 
inaportfoUo(pub.at3/. 12«.), 1/. 6«. ^ 

CONSTABLE'S GRAPHIC WORKS, many ofthem now first pnbUshed, comprising forty 
large and highly-Unished Mezzotinto Engravings on Steel, by Davh) Lucas, with short de- 
scriptive letter-press, extracted from Leslie's Life of Conauble. foUo. hali-bouud moxocoo. 
gilt edges, 3/. Ht, 6rf. ^^ 

CONSTABLE, THE ARTIST, (Leslie's Memoirs of) includmg his Lectnres, 2nd Edition 
with 2 beautiful Portraits, and the plate of" Spring," demy 4to, doth (pub. at 1/. l«.), iss. 

COESVELTS PICTURE GALLERY. With an introduction by Mrs. Jamesow. Boyal 
<to, 90 Plates beautifully engraved in outline. India Prooft (pub. at «. 6*.), haUibound 
morocco, extra, 3/. 3«. ««ua» 
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with thrir Portralti after SirPbtrr Lblt and other emliMBt Palnttrt; Uluatrating th« Diuiif 
of PihYs, EvELTN, Ci.AHKNDuK, &c A D«w tditkiB« conaldorablv «olarf*d, with aa lntr»* 
dnctorv £»u>- and additional Anecdotes. Imperial Ivo, tllostrated by SI baautiAil Portntm 
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Gsliery, and scTeral from tba DcTonshlre, GrosTaaor, and Altkorp GaUariest «ct>a fitt elot^ 
II. U. 
■ the same, Imperial 8to, icUh India proqf impre$$ian$, extra gilteloth, (Dt edga a , IL Ito 

JACKSON'S HISTORY OF WOOD ENGRAVING: Kew and Enlarged EdiHon, with 
aever«l hundred Illuatrationst upwards of One Hundred of vhich are now flrataddad, baaatiftiUy 
printed by Mr. Clay. Imperial Uvo, h£. bd. green marocoB, uncut. Ml, fta. London, 186t 

KINGSBOROUGH'S (LX>RD) ANTIQUITIES OF MEXICO, comprising Fac-aimileg 
orAitclriit Mexican Paintings and HieroRlypbics, preserved fat the Rojral Librailea of Pazia. 
Beiilii, Dresden, Vienna; the Vatican and the BorRian Mnaeinn, at Rome ; the Inadtute as 
Bologna ; the Bodleian Library at Oxford : and various others ; the greatar paxt faudited> 
Also, tlie Monuments of New Spain, bv M. Dvpau, illustrated by upwards at 1000 alalxnata 
and hi»;hly intereatin{; Plates, accurately copied from the originals, by A. Asiau, 9 Tola, impa- 
rial fulio, very neatly half l>ound morocco, ^t edges (pub. at 1401.), Z6L 
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gilt edges, (pub. at 210/.), 63^ 
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whole work, may be had separately, to complete the fiomer seven, in red boards, aa formeriy 
done up, 12/. 12«. 

KNIGHTS (HENRY GALLY) ECCLESIASTICAL ARCHITECTURE OF ITALY, 
FKOM THE TIME OF CONSTANTIiVE TO THE FIFTEENTH CENTURY. With an 
Introduction and Text. Imps rial folio. First Series, containing 40 baautiAiI and highly inte- 
restitifr Views of Eccle!>ia8tical Buildings in Italy, several of which are expensively illuminated 
in gold and colours, half-bound morocco, 5/. it. IMS 

Second and Concluding Series, containing 41 beautiful and highly iatarestingYlewa of Seele- 
slastical Buiidinirs in lulv, arranged in Chronological Order; wiUi Daicztpti\a Lottar-presa. 
Imperial folio, half-bound morocco, SL &t. 184i 

KNIGHTS PICTORIAL LONDON. 6 vols, boundin 3 thick handsome vols., imperial 
8vo, illustrated by G50 Wood Engravings (pub. at 8/. 3«.), cloth gilt) , lU 18s. 1841-4* 

LANDSEER'S (SIR EDWIN) ETCHINGS OF CARNIVOROUS ANIMALS, Com- 
prising 38 siibjects, chiefly early works o: this talented Artist, etched bv bis brother Thoxas 
or bis Father, (some hitherto unpublished), with letcer-press Daacr^tiona, royal 4to., clotk, 

1/. i«. ins 

LONDON. —WILKINSON'S LONDINA ILLUSTRATA: oa, GRA.PHIC AND 

HIvSTORICAL ILLUSTRATIONS of the most Interesting and Curious Architectural Monu- 
ments of tlie City and Suburbs of London and Westminster, e,f , Monasteries, Churches, 
Charitable Foundations, Palaces, Halls, Courts, Processions, Places of early Amuaements, 
Theatres, and Old Houses. 2 vols, imperial 4to, containing 207 Copperplate EncTavliqss, with 
Historical and Descriptive Letter-press (pub. at 26/. 5«.), half-bound morocco, U. 8s. 1819-SS 

LOUDON'S EDITION OF REPTON ON LANDSCAPE GARDENING AND 

LANDSCAPE ARCHTTECTUBS. New EdiUon, 250 Wood Cuts, Portnlt, thiok 8vo, ctoth 
lettered (pub. at 1/. I0«.), 15«. 

MARCENYDE GHUY, CEUVRES DE, contenantdifferen8Morceaiixd*Hi8tairea,BMr' 
traits, Fayeages, Batailles, etc., with above 50 remarkably fine Engravings, after Paintings by 
PovssiK, Vakdyck, Reubranst, and others, including Portraits of Charles I., the Maid of 
Orleans, &c. fine impressions. Imp. 4to, half bound morocco (pub. at 5^. ba.), IL 16s. Psaris^ tfu 

MARTIN'S CIVIL COSTUME OF ENGLAND, from the ConqoeBt to the Present 
Period, from Tapestry, MSS., Ac. Royal 4to, 61 Plates, beautifully lUominated iu Gold and 
Colours, cloth, gilt, 2/. 12s. 6d. IMS 

MEYRICK'S PAINTED ILLUSTRATIONS OF ANCIENT ARMS AND ARMOUR. 

a Critical Inquiry into Ancient Armour as it existed in Europe, but particularly in England, 
from the Norman Conquest to the Reign of Charles II., with a Glossary, etc. by Sib. SakubXi 
Bi78H Mbyrick, LL.D., F.S.A., etc., new and greatly improved Edition, corrected and en- 
larged throughout by the Author himself with the assistance of Literary and Antiquarian 
Friends (Albert Wat, etc.) 8 vols, imperial 4to, illustrated by more than 100 Plates, 
splendidly illuminated, mostly in gold and silver, exhibiting some of the finest Specimena 
•xisting in England; also a new Plate of the Tournament of Looks and Keya (pub. at SI/.) 
balf-bound morocco, gilt edges, 10/. 10«. n^^ 

Sir Waxisr Scoix justly describe* thia Collactiou as '* xhx nrcoxvAmABUt AMuoxnaJ* 
'Bitinbvrgh Review, 

ftSEYRICK'S ENGRAVED ILLUSTRATIONS OF ANCIENT ARMS t^ ARMOUft 

in the Collection of Ooodrieh Court, 150 Engravings by Jos. Sks&tov, S vuJa. Mis f n«K 
M 11/. lIs.),halfmorocco,topadfe8gilt,4/. 14i. M. ^^ ^*^ 



PUBLISHED OB SOLD BY H. Q. BOHN. 



MNLLINGEN'S ANCIENT UNEDITED MONUMENTS; corapriaing Painted Greek 
Vases, Statues, Busts, Bas-Reliefs, and other Remains of Grecian Art. 62 large and berutiful 
Engravinfrs, mostly coloured, with Letter-press DescriptioiM, imperial ito. (pab. at 91. Ste.) 
half morocco, 4^. lU. 6d. 1821 

MOSES'S ANTIQUE VASES, CANDELABRA, LAMPS. TRIPODS, PATERiE. 

Tazztts, Torolis, Mausoleums, Sepulchral Chambers, Cinerary Urns, Sarcopbaf^, '^^PPU uid 
other Omamrntfl, 170 Plates, several of which are coloured, with Letter-press, by uopb, 
small 8to. (pub. at 3/. S«.), cloth, 1^ 5«. 1114 

MULLERS' ANCIENT ART AND ITS REMAINS, oraManualof the ArchsBolopyof 
Art. By C. O. Mullsr, author of ''History and Antiquities of the Doric Race." New editiM 
by WsLCKER., translated by JoHir Lsitch. Thick 8vo. cloth lettered (pub. at 18«.), 12*. 

MURPHY'S ARABIAN ANTIQUITIES OF SPAIN; representinff, in 100 very highU 
finished line Engravings, by Le Kkvx, Fivdek, Lakusebr, G. Cookb, Ac, the mon 
remarkable Remains of the Architecture, Scu'pti.re, Paintings, and Mosaics of the Spanish 
Arabs now existing in the Peninsula, including the magnificent Palace of the Alhambra; the 
celebrated Niosque and Bridge at Cordova; the Royal Villa of Generaliffe; and the Casade 
Carbon : accompanied by Letter-press Descriptions, in 1 vol. atlas folio, original and brilliant 
impressions of the Plates (pub. at42<), half morocco, 121. 12<. UlS 

MURPHY'S ANCIENT CHURCH OF BATALHA, IN PORTUGAL, Plan«. Elera- 
tions, Sections, and Views of the ; with its History and Description, and an Introductory 
Discourse on GOTHIC ARCHITECTURE, imperial fblio, 27 fine Copper Plates, engraved 
hy Low&y (pub. at 6^ 6».), half morocco, 2^ St. 1795 

NAPOLEON GALLERY ; or, Illnstrations of the Life and Times of the Em]»eTQr, with 
99 Etchings on Steel bv Rsvell, and other eminent Artists, in one thick volume, post Svo. 
(pub. at U. !«.), gilt ci'th, gilt edges, 10«. id. 

NICOLAS'S (SIR HAltRIS) HISTORY OF THE ORDERS OF KNIGHTHOOD 

OF THE BRITISH EMPIRE; with an Account of the Medals, Crosses, and Clasps which 
have been conrerred for Naval and Military Services; together with a History of the Order of 
the Giielphs of Hanover. 4 vols, imperial 4to, splendidly printed and illustrated by numerous 
fine Woodcuts of Badges, Crosses, Collars, Stars, Medals, Ribbands, Clasps, ftc, and many 
large Plates, illuminated in gold and colours, including full-lenirth Portraits of dueen Victoria, 
Prince Albert, the King of Hanover, and the Dukes of Cambridge and Sussex. (Pub. at 
14^ 14«.), cloth, with morocco backs, Si. IS*. 6d. «»* Complete to 1847 

■ I the same, with the Plates richly coloured, but not illuminated, and without the 

extra portraits, 4 vols, royal 4to, cloth, 3/. 13«. 6d. 

** Sir Harris Nicolas has produced the first comprehensve History of the British Orden of 
Knighthood ; and it is one of the most elaborately prepared and fplendidly printed voorkt that ever 
Utited from the pret$. The Author appears to us to have neglected no sources of information, 
and to have exhausted them, as far ab regards the general scope and purpose of the inquiry. 
The Graphical Illustrations are such as become a work of this character upon such a subject; 
at, of courde, a lavish cost. The resources of the recently revived art of wood-engraving have 
been combined with the new art of printing in colours, so as to produce a rich etfeet, almost 
rivalling that of the monastic illuminations. Such a book U $ure qfa place in every great librarit. 
It contains matter calculated to interest extensive classes of readers, and we hope by oar 
specimen to excite their curiosity."— Quor/rr/y Review. 

NICHOLSON'S ARCHITECTURE; ITS PRINCIPLES AND PRACTICE. S18 

Plnies by Lowkt, new edition, revised by Jos. Gwix.t, Esq., one volume, royal Svou 
1^. Us. id. IStt 

For classical Architecture, the text book of the Profession, the roost useAil Guide to th» 
Student, and the best Compendium for the Amateur. An eminent Architect has declared it to 
be " not only the most oseml book of the kind ever published, but absolutely indispensable to 
the Student.^' 

PICTORIAL HISTORY OF GERMANY DURING THE REIGN OF FREDERICK 

THE GREAT; including a complete History of the Seven Years' War. By Fkahcis 
Kvgler. Illustrated by AO0I.PH Mbkzbx.. Royal Svo, with above 500 Woodcuts (pub. at 
1^ Ss.}, cloth gilt, 12«. 1S4S 

PICTORIAL GALLERY OF RACE-HORSES. Containing Portraits of aU the Winning 
Horses of the Derby, Oaks, and St. Leger Stakes, during the last Thirteen Years, and a 
History of the principal Operations of the Turf. By Wildrakb (George Tattersall, Esq.). 
Royal Svo, containing 9i beautirul.Engravingsof Horses, after Pictures by Cooper, Heuuxo. 
Hakcock, Alkrn, ftc. Also ftill-length characteristic Portraits of celebrated living Sports, 
men (" Cracks of the Day"), by Sstmovk (pub. at 21. 2<), scarlet cloth, gUt, 11. io«. 

PICTORIAL HISTORY OF FRANCE AND ITS REVOLUTIONS, (comprisinip th* 
period 17K9 to 1S4S), by GRoaoB Loxo, with fine Portraits, and nnmerous larfo woodcats, 
after Designs by Haxvst. Large imperial Svo, cloth (pub. at 1^) 12s. 

PICTURESQUE TOUR OF THE RIVER THAMES, in its Western Course, toduding 

$ articular Descriptions of Richmond. Windsor, and Hampton Court. By Johm Fzshbk 
Iurrat. Illustrated by upwards of 100 very highly-finished Wood Engravings by 0»MV 
Smith, Brakstor, LAXOXU.S, Liktox, and other eminent Artists. Royal Svo* fimk. 
at lU ««.), gilt eleth, U. 9d. nU 

The most beaotiflil volume of TosoBrasbleal Lignofrapha trer produced. 



OATALOGUE OF NEW BOOKS, 



PINELLfS ETCHINGS OF ITALIAN MANNERS AND COSTUME, iMdnding hii 
Carniral, Banditti, &c., U7 PUtei. imperial 4to, balf^bouad morocco, lU, Romu^ IMt 

PUGIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT AND COSTUME: 

■ettlng forth the Orijrin, HUtorr, and BigDiflcation of the varioua Emblema, DeTlcee, aad 
Symbolical Colours, peruliar to Christian Dexlicns of the Middle Ages. lUastrated hy uearlj 
Bi) Plates, splendidly printed in gold and colours, iioyal 4to, half morocco txtra, top cdg«a 
gilt, «/. ««. 

PUGIN'S ORNAMENTAL TIMBER GABLES, selected from Ancient Examplei in 
England and Normandy. Aoyal 4to, SO Plates, cloth, It, U. 18S» 

PUGIN'S EXAMPLES OF GOTHIC ARCHITECTURE, selected from Ancient 
Edifices in England ; ronsiatlnar of Plans, Elevations, Sections, and Parts at large, vith 
Historical and DescriptiTe letter-press, Illustrated by2U Engraviogi by Lb Kxvx, 3 voiii.4to, 
(pub. at i:i/. 12i.) cloth, M. 0». U» 

PUGIN'S GOTHIC ORNAMENTS. 90 fine Plates, drawn on Stone by J.D. HAKDXira 

and others. Royal 4to, half morocco, 3^ S«. * 184A 

PUGIN'S NEW WORK ON FLORIATED ORNAMENT, with 80 Plates, splendidly 

firlnted In Oold and Colours, royal 4to, elegantly bound in cloth, with rich gold ornamuitai 
pub. at 3/. s«.), 2/. 5«. 

RADCLIFFE'S NOBLE SCIENCE OF FOX-HUNTING, for the use of Sportsmen, roral 
8vo, nearly 40 beautiful Wood Cuu of Hunting, Hounds, lee. (pub. at 1^ 8«.), cloth gilt, 
lot. 6d. IIM 

RICAUTi'S SKETCHES FOR RUSTIC WORK, indnding Brideea, Park and Garden 

Buildings, Seals and Furniture, with Descriptions and Estimate! of tht Btifldings. New 
Edition, royal 4to, 18 Plates, cloth lettered (pub. at 16i.), 13«. 

RETZSCH'S OUTLINES TO SCHILLER'S "FIGHT WITH THE DRAGON.* 

Boyal 4to, containing 16 Plates, engraved by Mosss, stiif covers, 7«. 6d. 

RETZSCH'S ILLUSTRATIONS TO SCHILLER'S *' FRIDOLIN," Boyal 4to, contain. 

iiig 8 Plates, engraved by 31usES, stiff covers, is. 6d, 

REYNOLDS' (SIR JOSHUA) GRAPHIC WORKS. SCO beautiful Engravings (compris- 
ing nearly 400 suhtjects,) after this delightful painter, engraved on Steel by 8. W. Bkyxolim. 
3 vols, folio (pub. at 36^.), half bound morocco, gilt edges, 12^. 13*. 



ROBINSON'S RURAL ARCHITECTURE ; being a Series of Designs for Ornamental 

Cottages, in 96 Plates, with Estimates. Fourth, greatly improved, £ditioii. Boyal 4t» 
(pub. at 4/. 4<.), half morocco, 2/. St. 

ROBINSON'S NEW SERIES OF ORNAMENTAL COTTAGES AND VILLASr 

66 Plates by UARDiwa and Allok. Boyal 4to, half morocco, 21. 2t. 

ROBINSON'S ORNAMENTAL VILLAS. 9C Plates (pnb. at H. 4s.) half morocco, S(. it. 
ROBINSON'S FARM BUILDINGS. 66 Plates (pub. at 22. 2«.) half morocco. It. llg. 6A 

ROBINSON'S LODGES AND PARK ENTRANCES. 48 Plates (pub at 3<. St.), half 
morocco, 11 lit. 6d. 

ROBINSON'S VILLAGE ARCHITECTURE. Fourth Edition, with additional Plate. 
41 Plates (pub. at 1/. 16«), half bound uniform, 1^. 4«. 

ROBINSON'S NEW VITRUVIUS BRITANNICUS: or, Views, Plans and Elevatioui 
of EnRlish Mansions, viz., Wobum Abbey, Hatfield House, and Hardwicka Hall • alt* 
Cassiohury House, by John Bkittok, imperial folio, 60 fine Engravings, by LrX kxirx 
(pub. at 16/. 16«.), half morocco, gUt edges, 3/. 13*. 6d. 1«47 

ROYAL VICTORIA GALLERY, comprising 33 beautiftd Engravings, after Pictnres at 
BUCKINGHAM PALACE, particularly Bembrandt, the Ostadbs, Tbvibiis, Obram> 
Bovvr, Both, Cuyp, Reynolds, Txtiak, and Rubens ; engraved by O&baxbacr, S. W, 
KBTKOLps. PRBSBVB.Y, BuKKBT, ftc. ; with letter prcBi by Lxntaix, royal 4to. (pub. it 
41. li.)t hall morocco, 1/. 11*. 6d. ' * \ir 

6CHOLA ITALICA ARTIS PICTORI>E, or Engravings of the finest Pictures in the Gal- 
leries at Borne, imperial folio, consisting of 40 beautilUl Engraving* after Michabx. Anobi^. 
Raphael, Titian, Caracci, Ovido, Parmioiano, etc. by Vouato and others, fine Iml 
presslons, half-bound morocco (pub. at 10/. io«. ) , at. lit. 6d. icimtte iwi 

SHAW'S. SPECIMENS OF ANCIENT FURNITURE. 75 Plates, drawn from exlLtinK 
aothonttes, with descripUons by Sui SAictrxx. B. Mbxricx, K.H., medium Mo, plain (pal^ 

the same, with a portion of the plates coloured, medium 4to. (pub. at 41. 4t.), 11, lu. 6rf.l 
"J— Jb« ««ne, imparUl 4to, Urge paper, with all the Plates fioily coloured, (pub. at tts. •s.L 




SHAW'S ALPHABETS, HUMERALS, AND DEVICES OF THE MIDDLE AGE! 

SHAW'S HAND-BOOK OF MEDItVAL A LPHABrTSJWO ^DEVICES, irinj ■ 
SH A W5 SPECIMENS OFTHE DETAILS OF EUZABETHAN ARCHITECTURE. 



SHAW'S ENCYCLOPEDIA OF ORNAMENT. HJect hud^m from UnpntMl ud DM 

SHAWSSPECIMENSOFORNAMENTAL METAL WORK, *iUi»plBte>.«(ikboudi 
•HAWS DECORATIVE ARTS OF THE MIDDLE ACES, Bdi'bltinF OB 41 PUtn^rltb 

SKAWS CHESSES AND DECORATIONS OFTHE MIDDLE AOES, from tin Tib to 
IM ITU UDIBTlBt, wKb u Hlir«r1rBirnlxDducDDnAHlUaKrlpiLvaTHLlacvi:Ty iJIOHtriUDB, 
OOfiatiUvff oruCDppnFlBlitDraUhDnie Woodflaiv, aprofiuldaar bnotirDl tnltltL LBban, 

dMocUad *iirk, I nliq ImpuU If Dj Ikt pULu cinluUf cojodraij, biMrdAf^ta. U 7fif^), 

a>uaa,>iiAi.lunpvn.liIpiiW»o,lbi plilH U(tilr Hlomd ul pliksd-la ibt 

(hU, bui4> (pab, U 1U.J, W. Hi. 

BHAWrS ORNAMENTAL TILE PAVEMENTS, inn Iram exiiUie inlhorlllH. 

>•>•' IW. mis « Imn lolcund puui, bill, bounj, leduid to U, ).. Londoi, lut 

SHAWS OLAZIER'S BOOK, or Dnn^liU Hr>iag for Gluien. but not itB|ienliieiit IM 



SHAW AND BRIDCEN'S DESIGNS FOR FURNITURE, with Cudilabm aiul fnteriar 
n««UI»>, to PUI'i, tt>?H .ID, pjb. IT ]/. J.., h.lMouDa. unnl, II. m Bd. in 

SHAWSLUTONCHA: =l iii<IUnuaeBtt,luiu^ledlB'>tui«(>(a8 

SILVESTRESUNIv. ,r. r>c Fie-*fmllu oT tlie writing oT entry 

Ulniln <il (Villi,. .,. I, Ui U.Ithim.giiBUlibii ii|i!riudi ur 

MtlunuJiDMiLi,. .,nn Cevpu ••il S'B.U,mu rlcUf Uluinl. 

uud in Uf Bdeii .171^ ..i ai\ 1 kui., dEji.A iujji>. JiAlc-Biaioctd utt«, |(U alM"! nl, IDr, 

' ;— lh» JII*!D;i.-nl u,.] ■]i4i:ritbU^c L«UBr--ai«u bj CbuBHlUoa, Fbau, ud Cham-' 

r^D'Wi I"- Vllb ■Ootlli.ii aU Diin>«lau In Mr FnliiUk Uiddiu. fioli. loril ••*, 

SMrTH'S (C, J.I HISTORICAL AND LfTERARY CURIOSITIES. ConintiBE «f 
Fu-alaffiHotlorinillM Aoinnphi, &»oiitif noiBbbliHliUrlulB-iUiudMiUniilni 

SOLLY ON THE HUMAN BRAIN: iMStmctore. Fb;iiol«T, ud DlMun^ vilh ■ 



10 CXTALOGtrE or KEW BOOKS, 



SMITH'S ANCIENT COSTUME OF GREAT BRITAIN AND IRELAND. From 

the 7tli to Hie liith Century, with UUtorica! Jiliutrations, fblio, wtth 61 coloured plates iUu- 
ninaied with Gold and Kllver, a&d highly finUbed (pub. at 10^ l«t.), half boand ■mmtocco 
extra, gilt edse». JL 13«. 6tL 

SPORTSMAN'S REPOSITORY: comprising a serie* of h'gbly-ftniihed line Engjatingi, 
reprcsentinu the Ilorte and the Dor, In all tlirir varietie*. by the celebrated entrraver Johv 
Scott, ftroni original paintings by Keinagle, Gilpin, 8tubbs, Cooper, and Laadseer, mccom' 
paoied by a comprehenalte Descrlpiioa by the Author of the •* Britisk Field Sports," 4tOi, with 
17 Urgr Copper Plates, and nuiuerous Wuodcuts by Burnett and others (pub. at 2L 12*. 6d.), 
cloth gilt, 1^. 1«. 

STORER'S CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. 4 vols. 
Svo, with 256 engravings (pub. at Jl. 10«.)» half morocco, 2^. Us. 6d, 

ITOTHARD'S MONUMENTAL EFFIGIES OF GREAT BRITAIN. U7bcautifiJly 
finished Etchings, all of which are more or leas tinttnl, and some of them highly illuminated u 
gold and colours, with Historical Descriptions and Introduction, by KXMYX. FoUo (pub. at 
IM.J, half morocco, %l. ht. 

or on large paper, Plates Ulomlnated (pub. at 28/.), 12/. lie 



STRUTTS SYLVA BRITANNICA ET SCOTICA; or Portnito of Fomt Trees, < 

guished for their Antlqultv, Matrultude, or Beauty, comprisini; 50 very large and highly flniahed 
paintars' Etchings, Imperial folio (pub. at 91. 9«.), half morocco extra, gilt edgea, AL 10s. 

IBM 

STRUTTS DRESSES AND HABITS OF THE PEOPLE OF ENQLANIX from 
the Establishment of the Saxons in Britain to the present time; with an historical and 
Critical Inquiry into every branch of Costume. New and greatly improved Edition, with Cri- 
tical and Explanatory Notes, by J. R. Planche', Esq., F.S.A. 2 vols. n>yal 4to, UO Plates, 
doth, U. it. The Plates coloured, 71. 7«. The Plates splendhily illuminated in gold, ailver, 
and opaque colours, in the lUssal style, 20/. IMS 

«TRUTTS REGAL AND ECCLESIASTICAL ANTtQUITIES OF ENGLAND. 

Containing the most authentic Represeiitatictua of all the EnglLth Monarchs from Edwaidthe 
Confesiior to Henry the Eii^lith: topether with muny of the Great Personages that were emi- 
nent under their several Keigns. New and greatly improved Edition, by J. R. Plakchb', 
Esq., F.S.A. Royal 4to, 72 Plates, cloth, 2/. 2«. The Plates coloured, *L 4», Splendidly 
illiuulnated, uniform with the Dresses, 12/. 12«. 18AI 

STUBBS' ANATOMY OF THE HORSE. 24 fine large Copper-plate Engravings, Impo. 

rial folio (pub. at 4/. 4«.), boards, leather back, 1/. lU. (M. 

Tlie oriitinal edition of thb flue old work, which is indispeniable to artists. It has long been 
considered rare. 

TATTERSALL'S SPORTING ARCHITECTURE, comprisine the Stud Fann, the Stall, 
the Stable, the Kennel, Race Studs, tec, with 43 beautiful Steel and Wood illustrationa, several 
after Uakcock, cloth gilt (pub. at U. lit. 6d.), U. It. 1850 

TRENDALL'S DESIGNS FOR ROOFS OF IRON, STONE, AND WOOD, with 

Measurements, Jkc, for the use of Carpenters and Buiideis (an excellent practic&l work), 4to, 
Ump cloth (pub. at I5t.), 7«. &/. IMl 

TURNER AND GIRTINS RIVER SCENERY ; folio, 20 beautiful Enpravinps on Steel- 
after the drawings of J. M. W. Tukner, brilliant impressions, in a peitfclio, with ■soacocce 
back (pub. at 5/. &t.), reduced to XL lit. 6d. 

■ the same, with thick glazed paper l>etwe«n the plates, half-beund morecco, gilt 

edges (pub. at 6t.tt.), reduced to 2/. 2t. 

TURNER'S LIBER FLUVIORUM, or Biver Scenery of France, 68 higbiy-flnidied Dne 

Engravinirs on Steel by Willmorb, Goodall, Miller, Cousexs, and other distinguished 
ArtisU, with descriptive Letter-press by Lbitch Ritchie, and a Memoir of J. W. M. Tuavnu 
R.A, by Alaric A. Watts, imperial Svo, gilt cleth, 1/. 11«. 6c/., or India Prooft, M. St. 

WALKER'S ANALYSIS OF BEAUTY W WOMAN. Preceded by a critical View of flie 

Ieneral iiypothesis respectim; Beauty, by Leonardo da Vivci, mbkss, WiKCKBLxan, 
LVME, Hogarth, Burke, KN-iGHT,ALisoK,and others. New edition, royal Svo, iUastrat«l 
bv 22 beautiful Plates, after drawings from life, by H. Hoitard, by Gavci and Lass (pub. at 
S/.2I.), gilt cloth, 1/.1S. \r ••» 

WALPOLE'S (HORACE) ANECDOTES OF PAINTING IN ENGLAND, with some 
Account of the Principal Artists, and CaUlogue of Engravers, who have been bora or xeaided 
In England, with Notes by Daulawxi; New Edition, Revised and Enlarged, by lUzjK 
WoRXUx, Esq., complete fai 3 vola. 8vo, with numerous beauOful portsaits and pleWa, si. Sa. 

WARRINGTON'S HISTORY OF STAINED GLASS, from the earliest period of the Art 
to the present time, illustrated by Coloured examples of Entire Windows, in the vartooa efvlM. 
Imperial iollo, with 33 very large and beautifully coloured Plates (one of them aeariy taniSi 
in length) half beand morecco, gilt edges (pub at S/. 8«.), M. iss. 6c(. 

WATTS'S PSALMS AND HYMNS, Illdstxated EDirioir, complete, with iadeooBs ol 
**8ubiects," •> First Lines," and a Table of Scriptures, Svo, printed in a veiy Imwe and bee nil 
u! S[H*'^^'^'>'*<^ *'<^ 3^ beauUftil Worn! Ciiti by Mauxx, Wmsau, aad nflwn {gSTi 



PTTBUBSXO OK WtZa 8T S. S. ZOEIT. 



ATED EDITION, nnplBtr; BaUinlubott Oa A 



WHirrocK-s, 



rOCK-S DECORATIVE PAINTEira AND QLAZtEITS (»JIDC.«ntwuiif Ih 
iirrmri nntuidi oriipiutjni trtrr kiui or Fiu; vgni md UiAm, il^i or tHRtn;*- . 



WHITTOCK'3 MINIATUHE PAINTER'S W 
WIQHTWICK'S PALACE OF ARCH rTECTU FIE. a Bomuuz 
MLira ARCHITECTURAL GRANDEUR of B^^un. Gon 



iD^H and Jruiee, M 
ftrmi Ilia Cjithednh oF 



m^^NQLISH CATHEDRALS. Twel-e selr 

~H EQUALS, 13 Fbtn, Mioiind ud monnted Uln Dnwingt.bii 



rOREIGN C. 

VIEWS IN GREECE. Si be 



>1 tine Taw 



WINMOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, <v !■ 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF 

Tt iifig <iad IbldlDj Ipnb. u 7(. Tt.), hair-monccu, oocaL, JJ. U'. u! 






.Statural T^istat^, Slgricultutt, Srt. 



nCURESOFHEATHS. 



ith Si^imtiDc DncriptioB^ 4 nil, njtl Srot 



^ 



BAUER AND HOOKER'S ILLUSTRATI0I4S OF THE OENERA^ 

olmttnitti DUhUmii ind PIciina. hlfblrOnliliKl bi CdLhii. Inp. 9-0, tiuri, u. 
■EECHEV.— BOTTINY OF CAPTAIN BEECHETS VOVAQE. "PF"' 

Hinffpd,cDmpielBlBUipuii,(ta{iwb. uff. i«v_),»f. 
BE£CHEY.-ZOOU}GV Of CAPTAIN B£ECHEY> VOYAGE, 



csmmled riom Um 



RYOF I 



BOLTOrfS NATIWIAL HISTOBY^F^BRITOH_SgNa KMl ^Illnrti^ei ■«; 

KNNCTT^ riSHES OF CETUON, fw rirtirm, mud *to, i^lb 30 ttt^r nlanaa 

GOflOOK'S PIMETUBL liBOB n SjBBim' t of lU He Coniferoni Plinta il arcmttiiHB, 

^G^iT« G-mluaH«wn«rbaDp0|jil>Qd«nC(,rih0 HorUcmhiatf tivrtn, CldBVlck, HtUtM V 




12 cjLTkJjOQViR or yzw books. 



CATLOWS DROPS OF WATER; tlieir marreUons Inhabitantt displayed bj the 
Alicroicope. Coluurctl plat«», 12nio., clotk gUt« it. 

CATLOW'S CONCHOLOGIST'S NOMENCLATOR; or, Catalogue of recent Spedea 
of .ShclU, wHh their Auihoriilen, 8ynon)iJiei, and reierencei to work* wherj figured or 
dekirii'ct. Ujr AoMh* Catluw and LoruLL Kkkve, F.L.tt., 8vo, cloth (pub. at 1<. U*|i 
reduced to 10«. tJ, 

CURTIS-S FLORA LONDINENSIS; RcrUedand Improred ^7 ^jom* G»AT«f . «- 
tendtd and continued by Sir W. J AcaaoK HooKaR; comprUlnc tot HIrtory of PUnU iadi- 

Finoutto Oraat Brluln. «lth Indexes; the Drawlnfa made by STDaKHAM, Eswa&oi, and 
iWDLay. ft ToU. roral foilo (or 109 part*), conU.nlna 6*7 Plate*, exhibiting the ftoll Batural 
hize of each Plant, with maf nlBed Dlstectlo:.* of the Paru of Fructification, kc, aU beautt- 
fhUly coloured (pub. at 87*. 4«. In p&ru). half -bound morocco, top edge* gilt, 301. !•» 

DENNY-MONOGRAPHIA ANCPLURORUM BRITANNIA. ,^OR BRITISH 

Species OP PARASITE insects (publUhed under the patronage of toe BrltWi AsMiclaP 
tlon) ITO, numerou* beautifully coloured plaU* of Lice, containing eevaral hundrwi magnified 
figures, cloto, 1/. 11*. M. "*■ 

DICKSON'S TREATISE ON THE BREEDING, REARING. AND gENERAL 
MANAGEMENT OF POULTRY. New Edition, wiih corrections and lai«e additions by 
Mrs. Loudok, post 8to, numerous lllusiratloiu by Harvxy, cloth lettered, 8*. 

DONS GENERAL SYSTEM OF GARDENING AND BOTANY, * wl«. rojii 4to, 
numerous Woodcuts (pub. at UU S«.), cloib, 1/. 11*. 6d. lUl — ItSt 

DON'S HORTUS CANTABRIGIENSIS j tbirtcenth Edition, 8vo (pub. at IL 4».), 
clotb, 12«. iStf 

DIXON'S GEOLOGY AND FOSSILS OF SUSSEX, edited by Proff.8sok Owxif; 
vith 40 Plates, containing upwards of 1000 Figures, several coloured ; royal 4to., (jfoh. 
9X*UU.), elcto, 1/. ll«. Cu. 

DONOVAN'S NATURAL HISTORY OF THE INSECTS OF CHINA. Enlarge bf 
J. O. WasTWOoD, Esq., F.L.S., 4to, with 50 plates, contaiaing upwards of IM •xqoisllelF 
coloured figures (pub. at 6/.&t.}, cloth gilt, 21. it. 

** Donovan's work* on tlie Insects of India and China are splendidly iUuatratad, and 
•xtremely usefiil. "—JVo/ura/u^ 

*' The entomological plates of our countryman Donovan are highly coloured, elegant, and 
useful, especially those contained in his quarto volumes (Injects of India and Ciiloaf, where a 
great number of species are delineated for toe first time."— Smwuiuor. 

DONOVAN'S WORKS ON BRITISH NATURAL HISTORY. Viz; Insects, 16 toIs.^ 
Birds, 10 vols.— Shells, ft vols.— Fishes, 5 vols.— Quadrupeds, 3 vols.- togetoer 39 toIs. Svo, 
containing 1198 beautifully coloured plates (pub. at 66/. 9«.), boards, 23L 17«. The same set or 
S9 vols, bound in 21 (pub. at 73/. lu«.), half green morocco extra, gilt edges, gilt backs, SM, 
Any of toe classes may be had separately. 

DOYLE'S CYCLOPEDIA OF PRACTICAL HUSBANDRY, and Knial Aflaiig in 
General, New Edition, Enlarged, thick Svo, wito 70 wood engravings (pub. at ISs.), dolli, 
8«.6d. IStt 

EPISODES OF INSECT LIFE, 8 vols. Crown Svo, witb 108 illastrationi, tagteftillj 
drawn and engraved, elegantly bound in fancy cloth (pub. at 2/. 8«.), 1^ 7«. 

toe same, the plates beautifully coloured, bound in extra cloto, gilt back, aldca. and 
edges (pub. at 3/. 3«.), 1/. 16«. 

toe second series, containing 36 Illustrations, distinct and complete In itself^ baa latolF 
been reprinted, and may now be had separately (pub. at 16«.), 9*. 

or toe second series, wito coloured plates (pub. at lU Is,), 14*. 

DRURrS ILLUSTRATIONS OF FOREIGN ENTOMOLOGY: wherein are ezliibited 

upwards of 600 exotic Insects, of the East and West Indies, China, New Holland, North and 
South America, Germany. &c. By J. O. Westwood, Esq., F.L.S. Secretary of the Entomo- 
logical Society, ftc. 3 vols. 4to, ISO Plates, most beautifully coloured, containing above 6M 
figures of Insects (originally pub. at 151. lit.), half-bound morocco, 6/. 16«. M, 1837 

GOULD'S HUMMING BIRDS. A (General History of the Trochilidse, or Hamming 
Birds, with especial reference to the Collection of J. Gould, F.R.S., ftc. (now exbibltinR In 
toe gardens of the Zoological Societv of London) , by W. C. L. Maktis, late one of the Seientifie 
Ofllcers of toe Zoological Society of London, fcap. Ivo. wito 16 coloured Pistes, cloth gilt, tu. 

■ I the same, with toe Plates bbautipullt colourbd, heightened with gold, cloto gilt, lOe. 9dL 

OREVILLE'S CRYPTOGAM IC FLORA, comprising the Principal Species found in Great 
Britain, inclusive of all the New Species recently discovered in Scotland. 6 vola. royal Svo, 
S60 beautifully coloured Plates (pub. at 16^ 16«.), half-morocco, 82. 8«. iggg g 

This, toouffh a complete Work in itself, forms an almost indispensable Supplement to the 
thirty-six volumes of Howerby's English Botany, which does not coniprehena Crrptogamoiia 
Plants. It is one of the most scientific and best executed works on Indlf enous BatAny CMt 
prodoeed In tois eotmtvy. ^^ • 



riTBLiaHED OB BOLD BY E. G. BOHET. 
JOKNSOn'3 COTTAGE GAUDENER'S nlCTIONARY, fltimlUn? nl 
HARRIS'S AUREUANi ( 



"M 



nJ iIh, I> tU Lb^ <Ouit« I 



^CUtipiUu, Chrjiilll, *E., •Ublbi 



I AND QREVrLLE, ICOKES FIUCUM : OR FIGURES OF FERNS, 

'c,^^^t is^fij. III.'' '°"°' '"^ '" ''"°'^'"" "•"•'^ ''"'" IP""- ■' 'I'^'jj 

HOOKER'S EXO-nc FUJRA. »ntiJn(ng Pi^vm uid Ducrlptiani otnn or nlhnwiN 
, . . ,.„ ^ H ...ori.- ■■ - 












m 



WOKER-S JOUR^L OF BOTANY, eonUiofng Bpim uid DMCTiptiooi of mch 



HOOKER'S BOTANICAL MISCELLANY, mBtaiBiim Bnira 

PlAfltl4blahrKDniDI*nd(AHBI<l*Blbr IhalrnOlvK)-, nrltjr.arllUlDE>.urej uk^ uam^ ■■.kd 

tJw ua iHllid In tb« Aru. Id UBdielH. ud lb I>wkii11a EnDomj'T tD^BEbrt ttlth acruLaiMl 



HurSH ON BEES : THEIR NATORALHlSroRT AND GBHEKSL MANAGEMENT. 
JARDtNE-S NATURALISTS LIBRARY, « Ml". IMO tolonred Pliha, oitn wd tlotli. 
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JOHNSON'S GARDENER, with numero«» woodcnta, mntainbifr the Patati^ one w(A.-~ 

Cacuinh«r and OooMbcnry, 1 vol Orape Vine, 9 TolM._Aurioula and Aap«n«m, om voL— 

Pine Apple, two voU.—StmwiMrry. one voi, IWilta, on* vol...^Mcli, oon voL— tcgntlMr If 

vula, \2m.y. WooUcuU (pub. at 1^ &«.), cluth, lo«. 
• the ume, bound in S vnla. doth, leltcrea, 8*. 

JOHNSON'S FARMER'S ENCYCLOP>tOIA and Dictionwry of Rnnil Affairt • em- 
bracing all the nioal raient divcoveries in Agricultural Chemistry, adapted to tb« coapreiieu- 
aion orimKciriitiflc readeM, (by CuilihertJolinion, Editor of the Furmur'i Aimmmmc) UlmatnUd 
hy woud eugraviiiga, tUckVvo. clotb, xsw Jtoixiok, (pub. at 2/. 10a.), U. la. 

LEWIN'S NATURAL HISTORY OF THE BIRDS OF NEW SOUTH WALES. 

Tbird Edition, with an Index of the Scientific Namea and Svnonjmea, by Mc. GoviJ> and Mr. 
Xttok, folio, 27 platca, coloured (pub. at 41. U.), haif-botind morocco, U. 3*. 1899 

UNDLEVS BRITISH FRUITS; OK nOITRES ANT) PESCRTPTIONS OP THE MOST 
IMPORTANT VARIETIES OF FRUIT CULTIVATED IN GREAT BRITAIN. 3 Tola, 
roval 8TO, containinir 152 most beautifully coloured plates, chiefly by Mu. Withbjis, Aitiat 
to'tiie Horticultural Society (pub. at lOL lOt.), half bound morocoo extra, gilt edfea, &Z. &•. 

* IMl 

"ThiB ia an exaulaltely beautirui work. Every {date is like a h%hly fknialMd dxnvkkg, 
■bnilar to those in the Horticultural Transactions." 

UNDLEVS DIGITAUUM MONOGRAPHIA. PoUo, 38 platca of the Foxglove (pub. 
at 41. 4«.), cloth, 1^ ll«. 6d. 

m the aame, the plates beaotlfblly coloured (pmb. at 6/. «.), cloth, 2/. I3f. (UU 

UNDLEY'S LADIES' BOTANY; or, Familiar Introdnetioa to the Natural Systenof 
Botanv. Fifth edition, 2 vols. 8vo, with 100 coloured Plates, illoatrating the Flower, Bruit, 
and Anatomy of every Tribe of Plants, (pub. at 2^. lOa.), cloth gilt, II. S§, 

LOUDON'S (MRS) ENTERTAINING NATURALIST, being Popular Dewnriptioiii, 

Tales, and Anecdotes of more than Five Hundred Animals, comprehendinff all the Gliiadrupods, 
Birds, Fishes, Reptiles, Insects, &c., of which a knowledge is indispensable in polite edoea- 
tlon. With Indexes of Scientific and Popular Names, an Explanation of Terms, and an Ap- 

Eindix of Fabulous Animals, illustrated by upwards of lOO beautiful woodcuts by Bswicnc, 
▲avET, Whixpxk, and others. New Edition, revised, enlarged, and corrected to th« 
present state of Zoological Knowledge. In one thick vol. post 8vo, gilt cloth, 6i. ISSe 

LOUDON'S (J. C) ARBORETUM ET FRUTICETUM BRITANNICUM, or tlie 
Trees and Shrubs of Britain, Native and Foreign, delineated and described ; with tlioir prapa^ 
gation, culture, management, and usee. Second improved Edition, 8 vols. 8vo, with abova 
400 plates of trees, and upwards of 2500 woodcuts of trees and shrubs (pub. at 10^.), SU 6t. iiM 

LOUDON'S VILLA GARDENER, comprinng the choiceof aSnbnrbanYiDaSendeiice; 
the laying-out, planting, and culture of the garden and (nrotinds; and every necessary iafef'- 
mation for the Amateur in collecting, placing, and rearing all the i "ants and trees usually 
cultivated in Great Britain; the management of the Villa Farm, I^airy, and Pomltry YardC 
Second edition, edited by Blrs. Loudon, 8vo, cloth extra, with upwards of S77 dia^r— aa, Iw. 
finely engraved on wood (pub. at 12«.), 8«. 6d. 

LOW'S DOMESTIC ANIMALS OF GREAT BRITAIN, exemplified 'in fifty-si^ Ian* 
and very beautifully coloured plates of the various breeds of the Horse, Ox, Sheep, and Hogt 
from drawings by Nicliolson, R.S.A., after paintings by Suiai.8, B.8.A., 2 vols. In 1, turn. Mil 
half bound morocco, gilt edges (pub. at 16/. 16«.), 8/. 8«. 

MANTELL'S (DR.) NEW GEOLOGICAL WORK. THE MEDALS OF CREATION 
or First Lessons in Geology, and in the Study of Organic Remains ; including Geological 
Excursions to the Isle of Sheppey, BriKhton, Lewes, Tilgate Forest, Cliarnwood Forest, 
Farringdon, Swindon, Calne, Bath, Bristol, Clifton, Matlock, Crich Hill, &c. By Gidbcv 
Alokkvon Maktbll, Eso^ LL.D., F.R.S., &c. Two thick vols, foolscap 8vo., with co- 
lotuedPlate8,andseveralhundredbeautlfttI Woodcuts of Fossil Remains, cloth gilt, is*, lui 

MANTELL'S (DR.) PICTORIAL ATLAS OF FOSSIL REMAINS, consiating of 
Coloured Illustrations selected from Parkinson's " Organic Remains of a Former WorId,''^aBil 
Artis's '•Antediluvian Phytology," with descriptions, by Dr. Mantell, 4to, with 7« coloured 
plates, 21. 6$. 18M 



PUBLIBHSD OK BOLU BT H. Q. SOEN. 

(CHLEIDEN'S PfrlNCtPLES OF SCIENTIFIC BOTANY; ni BoIhtit si in iBjuctiw 

SILerS COMPLETE BHITISH ornithology. imoatnHjniacralworiiCFrtliB 
Viraitt al BrLiUb JHiH%. DaniBlainB ttmci And fahlifuj fePrtuDiatlani In iheir rUU umnl 
itHBTiU Ot lUffWD ipHlpa&uni In Ortkl Srlulo, aft ^onn In :i3« 1u»ullfq[]r aolDond 
p^>1»- I VDli. alepbuu IDlla, vIbbuUt hAU-bDdad mnrocw Ipub' tt I9ii-t, fill buk ud 

ilanpabUftbad 1> (bli DDnnrrr, i)i« una IbrBrHEihBlxdA 
»il»n^~liI»'uidi,iriJuu[a[liuiu>l>a>>.bJlwiloIliudiocncU^ *>» Ml 

Htrli ar lib?'— SnAwivU'' tvk iiHt. 

■- u'uiU^MI^l^ I II k, nkksiil donbt, Uu moH •pl'iedld i>l Ite kind tvii pubUiUd 
DmlUislotilnl UlmrMJnu nl-Oi fninU icIiDiil. He. Belbi liu ioof uil diuoiHUr 
■ELBY^ ILLUSTRATIONS OF BRITISH ORNITHOLOGY. 3 'ok. Bn. Eecodd 
eiSTHORPE'S FLORA CRSCA. The nnt mtkuill nugBifinnt BQlinlcalirflik 

•IBTKORPE'S FLOR* Gn«C« pnODROMUBi il« Plmtanini omnitmi Emm*. 

(put>. UII. b.) lU- ' 2»llilll,'iai 

Wimj* (COLONEL MMJUTON) H!*]rORYJpF THE HUMAN Sf^CIES, ill 




flWAIMSON'S 



"ISS 



CONCHOLOOV; m, TIGimiCS LSD DESCBIPTIOSS OF 



ION'S ZOOLOGICAL ILLUSTRATIONS: OK, OUSIHIL yiOUIlES ASD 

'"'""'■"B OF SBW, BiBE, OR ISraBBSTIMB XVltUti, ■Inlri eUtHj 

— ^ -,^ aar ORillli»lB«,£iitDinDliv.aBd CenchoEDa. Avo^ FAVl aft. eDnnUkBtf 

t Ul iBdr QQj'^u'td flAInlliab. u 1(U. lb.)7hAU bDnMBiaiocca, ^lE vd«H, Bf-b. 

SWErrs .FLORA AUSTHALASICA: on. A SELECTION OF HAKDSOMS 0& 



■WEETS CISTINEjC: am. KATTAIL OBDEB OF CISTUS, M ROCI SOBS. 30 



i6 CATAXOOUE OF HEW BOOKS, 



i¥ltsceIIancous ®nglts]b Ufteratttte^ 

INCLUDISO 

HISTORY, BIOGRAPHY, VOYAGKS AND TRAVELS, POETRY AND THE 
DR.VMA. MORALS, AND MISCELLANIES. 



BARBAULD'S (MRS.) SELECTIONS from the Spkctatoe, TATLni,GcAKDiA», and 
rHhLifoLiu R, wUh a Prelim limry K««Hy, new edition, cumitlete in 3 toI», iio«t hvo. elcgantij 
]>ii:iii-d, villi FurmlU uf Adduuii ajiil bleciv, cloth, )tiH{/orm iritk Ik* StaiuJurdl Litirarjf, ij^ub. 
at io».). 7». J/a«m, 1849 

BLAKEY'S HISTORY OF THE PHILOSOPHY OF THE MIND; cmbradnsr the 

Dpiiilitiif of all Writers on Mental Sclent e trom the earliest period to the present time, 4 vols. 
thick h\u, very haadsiAneiy primed, ciulb lettered, (pub. at iU), ll. lomymmMat llt5« 

BOSWELL'S LIFE OF DR. JOHNSON; BY THE RIGHT HON. J. C. CROKER. 

IncorporatinK lila Tour to the Hebrides, and accompanied bj the Commentaries of all pra> 
ccdinr Kdltors. with numerous Additional Notes aud IllostratiTe Anecdotes; to wliidi an 
added Two Snpplementary Volumes of Anecdotes bv Hawkims, Piozzi, HvKJenTt TYBBa, 
RxrxoLDs, Stkvbks, and others. 10 vols. 12mo, lllostrated by upwards of 50 Views, Por- 
traits, and Sheets n{ Autof raph», finely engraved ou Steel, ttom i)rawlngs hj BxAMWimUip 
Hardiko, &c., cloth, reduced to U. \0t. 

This new, improved, and greatlv enlarged edition, beatitlftilly printed in tho popular tOum of 
Sir Walter Scott and Byron's Works, is just such an edition as l5r. Johnson himself loved and 
recommended. In one of the Ana recorded in the supplementary volumes of the present 
edition, he lavs : " Books that you mav carry to the flre, and hold readily in year liSM, mn 
the moat useful after all. Such books form the mass of general and easy reading.'* 

BRITISH ESSAYISTS, viz., Spectator, Tatler, Goardian, Rambler, AdTenturer, JiSkK^ 
and Connoisseur. 3 thick vols. Svo, Portraits (pub. at S/. St.), cloth, 1A7«« Sitkor TOloflM 
may be bad separate. 

BRITISH POETS, CABINET EDITION, containing the complete Works of the piia- 
cinal English PoeU from Miltov to Kikkb Whits. 4 vols, post 8vo. (size of BtandarA 
Library), printed in a very small but beautiful type. 32 Medallion Portraits (pab. at K. SkU 
cloth, lt«. 

aROUGHAM'S (LORD) POLITICAL PHILOSOPHY, and EiMy <m the Britkh Cob* 

stitution, Svols. 8vo. (pub. at 1/. lis. 0d.), cloth, 1/. 1«. " 



BLANC'S (LOUIS) HISTORY OF TEN YEARS, from 1830—1840. 2 thick yols. 8v% 
cloth (pub. at 1^. 6».), reduced to 7$. 6d. 

BURKE'S ENCYCLOPy^DIA OF HERALDRY; OR, GENERAL ARMOURY OF 

ENGLAND, SCOTLAND, AND IRELAND. Comprising a Registry of all Armorial 
Bearings, Crests, and Mottoes, from the Earliest Period to the Present Time, Ineluding tlM 
late Grants by the College of Arms. With an Introduction to Heraldry, and a Dictionary of 
Terms. Third Edition, with a Supplement. One very large vol. imoerial 8vo, beautifUIy 
printed in small type, in double columns, by Whittxvokam, embellisned with an elaborat* 
Frontispiece, richly illuminated in gold and colours; also Woodcuts (pub. at il.ts.). doCli 
gilt, 1^ 1«. 18M 

The most elaborate and nsefUl Work of the kind ever published. It contains upwards of 
90,000 Armorial Bearings, and incorporates all that have hitherto been given bv GuUllm, £<<• 
mondsun, Collins, Nisbet, Berry, Robson, and others : besides many thoiuand names wkidi 
have never appeared in any previous Work. This voliune, in fact, in a small compass, b«t 
without abridgment, contains more than four ordinary quartos. 

BURNETTS HISTORY OF HIS OWN TIMES, AND OF THE REFORMATION, 

with Historical and Biographical Notices. 3 vols, super royal 8vo. cloth, 1/. lU. 6d. 

BURNS' WORKS, WITH LIFE BY ALLAN CUNNINGHAM, AND NOTES BV 
SIR WALTER SCOTT, CAMPBELL, WORDSWORTH, LOCKHART, ftc. JRoyal Svo, 
fine Portrait and Plates (pub. at I8«.), cloth, uniform with Byron, 10«. M. 

This is positively the only complete edition of Burns, in a single volume, 8vo. It contains 
not only every scrap which Burns ever wrote, whether prose or rerse, but also a considerabl* 
number of Scotch national airs, collected and illustrated by him (not (riven eldewhere) and fUl 
and iiiterestins: accounts of the occasions and circumstances of his various writings. The very 
complete and interesting Life by Allan Cunningham alone occupies 164 pages, and the Indlcaa 
and Glossary are very copious. The whole forms a thick elegantly printed volume, extendii^ 
in all to 848 pageH. The other editions, including one published in similar shape, with an 
abridgment or the Life by Allan Cunningham, comprised in only 47 pages, and the whole volume 
in only 504 pages, do not contain above two-thirds of the above. 

CAPGRAVE'S BOOK OF THE ILLUSTRIOUS HENRIES, translated from the 
Monkish Latin original by the Rev. F. C. Hingestok, royal 8vo, frontispiece, half morocco 
(pub. at 12«.), 7». 6t/. 

This is the Enf;lish translation of one of tlie most interesting of the Chronicles published bv 
order of Grovernment under the direction of the Master of the Rolls. Only a very limited 
impression has been talten off. 

CARY'S EARLY FRENCH POETS. A Series of Notices and Translations, with en 
Introductory Sketch of the History of French Poetry ; Edited by his Son, the £av. Hmvmw 
Cast, JFooluap 8to, cloth, to. ^ iSJ 



OftRVS UVES OF ENGLISH POETS, lupplimitnliifj toDt JoHHaoM'n ■■livM.- 
CIIUBTONS RAILROAD BOOK OF ENGLAND ; IlHiorical, Topofnupliical, "iid 

CLASSIC TALES. Cubfaet Slttlon. toniirtaiBr the Mm of WikeAdd, EliubMt 
'Pul ud Vlitlnth Oulllw'i Trufli. Surni'i SesUmnuI JoDnHr, Bonon ur WirW^ 

COPLEY^. (FORMERLY MRS. HEWLETT) HISTORY OF SLAVERY AUDITS 

i, 0OWPES'SP0ET10*LW0RKS.iMM(nglii»H™er, edited by Girt, lilutraled 
W e^nimii. MjwIavD, wUh jabaftuuruJBDfrivtDaadiiBUDi, AnGrI>eBlsubj Umvit, DlDUi. fltt 

rCBIWINAL TRIALS IN SCOTLAND, namilea lij JOHH ICltL Bubtom, S voli. 
DI&DIN'S (CHAHLESl SONQS. Admlnitr edilinn, nmiplElB, will) > Memoir bj 

OOMESTIC COOKERY. bjF i Lady (Hu. ltUNiiRT,t). New EdllioD, with Dnmeniu 



MESTTCOI 
EOYPT 



, illnatntcd rram RnirUardt, Lindny, ind alher lesabig Anlho. 
ELLga POLYNESIAN ''""''£^|^*^^,',Ju"^»"lj*j;°1^„'„*''^'''^ 
EBSKINE'S EARLY HISTORY OF INDIA under the E«f«»nii. B\nEll_i( 



FENNS PASTON LETTERS, OrtgimlLetlon of the Pnitoo 

Bilini grHinrj VI, Maud IV, ud Olchud r[I, bji luiDui ; 
gsoie, cbUlr sn HInoiluI Bibjicu. Nn Editlu, wlUi Nmi 
■ vc>Ji, bOBbJ in 1, Wva luu (peb, ■■ IW.], doth tUL Ak 




FIELCMNQ'S WOflKS, EDITED BY ROSCOE. COMPLETE IN ONE YOLtJUa 

FISCHER [DR,) FRANCIS LOR -. 

FOSTER'S ESSAYS ON DECISION OFCHARACTEH7 «■ 11 Uui'i Writlnf Hi 






IS OATiLLOOUE OF KEW B00X8, 

FROiSSARTS CHRONICLES OF ENGLAND, FRANCE. AND SPAIN, Ito. 

Tranklated by Culunkl Juhsei, *ith 12« bMutiTal Woodcuts, fl Tola, mtpuK-njai tvo, 
(pub. at 1/. I6t.), cloth lettered, 1^ U, »M 

OAZETTEER-NEW EDINBURGH UNIVERSAL GAZETTEER, A>'D GEOGRA. 
PHICA L DICTIONARY, more romplrte than uiy hitherto puhllBhed. New Editton, revted 
and eomptelcd to the present time, by John THuMkOV (KdUor of the Uimenal Aiimt, ftc), 
^•ry thick iTfO (1040 pages) Maps (pub. at 18«. ), cloth, lit. 

This comprehenhiTe volume Is the latest, and by (ar the best Unirenal Ouetteer «f ita slaa. 
It Includes a full account of AffghanUtan, New Zealand, fee fee. 

QELL-S (SIR WILLIAM) TOPOGRAPHY OF ROME AND ITS VJCINITY. A» 

improved Edition, complete In one vol. Svo, «lth several Plates, cloth, 12«. With a vary lavs* 

Map of RDmeand its Environs ( from a most careful trigonometrical survey), mounted on cloth 

and folded in a case so as to form a volume. Together 2 vols. 8vo, cloth, W. Is. IMi 

"These volumes are so reolete with ^hat is valuable, that were we to employ oar entire 

{eurnal, «e could after all afhird but a meagre indication of their interest and worth. It la, 
ndeeti, a lasting memorial ol eminent li'erary exertion, devoted to a aulyeet of great ImpovU 
auce, and one dear, not only to every scholar, bat to every reader of intelligaice to wham me 
truth of history is an oUJoct of consideration." 

GRANTS HISTORY OF PHYSICAL ASTRONOMY, from Ihe earliest ages to the 
middle of the l:th century; < omprrhending a detailed A ccotint of the Establiahment of tte 
Tueohy of Gravitation by Nkwtos, and its Development by hia successors; writh an 
Exposition oi the Progress of Research on all the other auhjccU of Cki^siuul Physics, thick 
Svo, cloth (pub. at 16j.)— &«. 1852 

GOETHE'S FAUST, in Grrmaii, with copious explanatory and gramiBaticaL Notes fx 
the use of Studenti, by Ua. Falck Lebaux, thick 8vo, cloth (pub. at 15«.), it. 

GOLDSMITH'S WORKS, with a Life and Notes, 4 vols., feap. Svo^witk 
Titles and Plates, ^'ew and elegant Edition ( pub. at 1/.), extra cloth, 12«. 



*' Can any author— can even Sir Walter Scott, be compared vrith Goldsmith for the variety, 
heauty, and power of his compositions! You ntay take *iim aad 'cut him out ia Uttle Majcs,' ae 
many lights does he present to the imacination."— ^fA^a«««i. 

"The volumes of Goldsmith will ever constitute one ot the moat pretii^iu '* wttfla of '"iMriiih 
xadtbled."— Quarterly RevUw. 

GORDON'S HISTORY OF THE GREEK REVOLUTION, and of the Wars and Cbm. 

paigns arising from the Struggles of tlie Greek Patriots in emancipating their eoontry Horn the 
Turkish voke. Br the late Thomas GoRnoy, General cf a Division of the Greek Army. 
Second Edition, 2 vols. 8vo, Maps and Plana (pub. at 1/. 10a.), cloth, 10s. fd. Itii 

GORTON'S BIOGRAPHICAL DICTIONARY. A new and enlareed Edition, vith a 
Sapplement, completing the Work to the present time, 4 vols. 8vo, cloth lettered, IC 11a. Cd. 

HEEREN'S (PROFESSOR) HISTORICAL WORKS, translated, from the Gennaa viz. 
— Asia, New Edition, complete in 2 voIs._Africa, 1 vol.- Europe axo its Co];.ojrxB8, 1 
vol.— Ancient Greece, and Histokical Treatises, 1 vol_ Mamvai. of Avcibxt Hia- 
TOKT, 1 vol.— together 6 voir. 8vo (formerly pub. at 7^), cloth lettered, uniCDrm, tL ie. 
*»* .Vino and Complete Editiont, with General Inderet, 
*' Professor Heeren's Historical Researches stand in the very highest rank among thoae vith 
which modern Germany has enriched the Literature of Europe."^Quar(er/^ Xeview. 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 

AND TRADES OF THE ANCIENT NATIONS OF AFRICA; including the Carthajrinianih 
Ethiopians, and Egyptians. New edition, corrected throughout, with an Index, Ufa of the 
Author, new Appeudixea, and other Additions. Complete in 1 voL 8vo, cloth, Ifit. 

HEEREN S HISTORICAL RESEARCHES INTO THE POLltlCS, INTERCOURSE. 

AND TRADES OF THE ANCIENT NATIONS OF ASIA: including the Persians, Phee- 
nicians. Babylonians, Scythians, and Indians. New and improved EcUtion, complete in S 
vols. 8vo, elegantly printed ( pub. originally at 2/. $s. ) , cloth, 1 1. 4». 

** One of the most valuable acquisitiona made to our historica. stories ainee tti« daare of 
Qtbbon."— Athenaeum. ^ 

HEEREN'S ANCIENT GREECE, translated by Bancroft ; and HISTORICAL 
TREAllSES; viz.— 1. The Political consequences of the Reformation. II. The Rise. Pro^ 
gress, and Practi- al Influence ol PoliUcal Theories. III. The Rise and Grevth of the Colrti- 
■ental Inuretta - Great Britain, la x vol eva< with Index, cloth, Ifts. 
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HEfHEN'S MANUAL OF 1 



HISTORY OF THE POUTICAL P^^^^,^' 
"^MtM^HiiruiiMM HodunEuopillulkii jHippund.uil 11 !i Ululr lant u 

HeilENS MANUAL OF ANCTENTHISTOnY.portieiJariywilhrrCTrdtalheCoMli- 
ntLuu. dia Covmure, BadItiflCo]i>Dl« ottbA Sutu of Ajitlqullr- Tlilni £41^Di CKrKIn] 

HOBBES' COMPLETE WORKS, FjigBi.hiBflL»llD. eflitrfbrSmW.MouBimmiH. 
^IH Milii W»kA TbRn A TDli^ rbr BnrltAb Woilnil woit, eicTi Willi > Oneml Indu- Ai 

tl*SF Uttb bjiatta at LhBlJtip lAanofElla-BlvUflt, UBIUfBUr ftrd birE Hid iBpantl]}', 

tout Uri Koilbb 11 ToJik JMT ba tnLj rn U. lAv- 
MUME AND SMOUXT^ HJ3TORY OF KIQLA 

JAMES'S W 
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—JMlfui, v.ll,b,),tMh,lilM. 
MKNnCHSCHESS PRECEPTOR: tirir 

"S"" •"•"""■■-"■■"■■■•' 

JOHNSON'S (DR.) LtTE AND WORKS, by Udipht. Ker ud ioiprovsl Mtiim, 
JOHNSONIANA; iCollectianDr HimUannuLi Anerduln end Siiiiiif>.!:iri)KRd torn 



» AuthH-ilul 



KOHLRAUSCH'S 



IF GERMANY, ttom [b 



KNIQHTS OLD ENGLAND'S WORTHIES: ■ PosnuT OlLLEn af t 

BrluiD. ■crampialfld hy AJI Bvd arfiliut BtiwnDb1«i (wrfttvq b* Lavitfliouandi 
Di UmaAi.uil Dliiiii), Imiarlat ttn with 7t >» Psnnlu «■ Hi cl. iilint rolodi 
•< cuHibbli boMlati. uul opwatdi ol uo UtlsHal ud dmniKin VlsnalHi 

KMOm-WB TOPROVEp WALKER'S PRONOUNCrNQ DICTIONARY, « 
:Sl OR, THE BEST WORDS OF THE e 



LOW^ DOMESTICATED ANIMALS OF oaEAT BRITAIN ; R>n] 
''°ro''i!lii.'7SS°f?LE.'i°''12"'^ *"*" "'"^ ECONOMY OF ESTATES, think 



M oi.TAi.oaDB or kev bookb, 

lAINO'S KFNOS Of; NORWAY: THD HEIMSSMNGIA er^^ _ _^ 

UMB'9 (CHARLES) WORKS, camiileui nDUiniv fall IntUtt, Eiuji of EBi, 

LEAKE S(COU TRAVELS INTHEMOREA. 9 wli. flw. Witt i tot iBrje M«p rf 
LEWIS'S (MONK) UFE AND CORRESPONDENCE. TiUijnon^risKj ia Pro»e ud 
LEIQH HUNT'S STORIES FROM THE ITALIAN POETS, (IJonl 



MACGRE«OR^ COMMERCIAL STATISTICS CT ALI 

Uir DiHurcu, LufiliUon. TUUh, Dvh. HhlwlDg. liiL|»urIi, Exnon 
>c.,te.of All VmUDM, lixLndlu bU llu BilUuli ComOMfELkl Tni 



MARTINEAU'S EASTERN LIFE, FrcHnt wd Put. Mew (ditkb In one thick 

MARTINEAU'S LIFE IN THE SICK ROOM: ■ Serin at DMqn. lUid edition, 

k(r,(n,eiDa[pIk.atli.M.)-U,H. 
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MARTIN'S (MONTQOMERV) CHINA, FuUticul, Commema], uid EodaL Two vo 



MA3(WELL'S UFE OF THE DUKE OF WELLINGTON. TTinwIiMflsoino vols. S™. 
AHuo, conlittiu ol B>>Ui.#i>ni, tonraUi, xiutiui lOui iiid Hifi i liiililci ■ nul 
ndilHicf SuWoodSan^lDFi; Itinb. it».7r|,il<(ullBtillIcUlb, 11. lb. Lirse pijiu, 
" HrTHu-nll'i 'UHi limi Duti of WiilliwUB, In urn dtIbIiiii, bu no rliil imsiiE ulinUu 

MAXWELL'S HISTORY OF -niE IRISH RESELLION OF 1703, wi*'' "cminno' 



lOLD SY B. a. BOHN. 



MINIATURE LIBRARY (LOHN'S.) 

BARBAULO AND AIKIWS EVENINGS AT HOME ; tompriiinit a mat 

BOURRIENNE-S MEMoiflS OF NAPOLEON. Ose itnit, elcueir Wt eldeutlj 

clsatlll, Ipao! iuIk),li.U.I iHwlL}i|ll(cdiu,ti. ' ' 

BUNYAN'S PILGRIM'S PROGRESS. QnitE onoplcle, lacladiiijr tbc Tbinl Put 

■n li eouthir't'cdlUiKU >Jh « bw lEDftUiplH* ud vI^dbLIi, aloU iLli, 3r- bf- i at vLu 

lUtBllH.1.. 

BYRON'S POETICAL WORMS, itiolading leytnil Buppnaiea Poom not puLlithed 
BYRON'S DON JUAN, eoniplctt, Bltgintliprmtta,troBti>piMM, elothgilt, {pnh. 



1 



DRVDEN'S POETICAL WORKS, comiildB in I loL with a ^oitnit, FronUipitN 
CNCYCLOPCDIA OF MANNERS AND ETmUETTE; mnpritiBginlinprovri 

HEBER'S (BISHOP) AND MRS. NEMAN'S POETICAL WORKS. Tlinenli. 

ii <}H, c\uh ilh, >L u, ; or wlin |Ui ndtm. 3>. 
MERRICK'S POETICAL WORKS- toiyilele in one tllclr Tolniiie, dtmnajprintiid, 
ME MILLER'S JEST BOOK: IniaEDCollectiiniorihetiKMt'EtnUut Bon Uat^ 

HEW JOE MILLER. & 9ElH(iou of Uudeni Jwtt, Wittiisniii, DroU Tilo, Ice. 

itulb gill, I., u. 1 or .lib mi td(«, li. 
LOMOFELLOWS POETICAL WORKS, nL, Tnm of the Nicht— Erugelinfr- 

IMBlllJlI?.hCl.llllfll.ll'Vi*Wtb^il«ll^to. *'" '°'''°"^'"' 

^'Rll?^JV^S{i'?m™^^J'i,°?!H^J'™ °""^*''''— HJI""™— S»™"Sl^ I 
_ _ _ mid Xolaij Da. Stkbhiit ; tp whirfi 
HUuii. rfODIlqliEi, eUlli ^i, {pob. U fi.|, 



POPE'S HOMER'S ILIAD, complete, willi Eipluutory KMn uid lodu. ud u 



ihrnXl 
STURM'S REFLECTIONS ON THE WORKS OF GOD, aKdnf bia FrnriiluiDg 

THOMSON'S SEAMNS, witb liii CuUa g[ IoiIsIdqmi 4 linntilDl < 
VATHEK AND THE AMBER WITCH' Two toIl in ini!, doIL gUt, 1, 




n eATALOOinS OF NEW B00K8| 

MONSTRELETS CHRONICLES OF ENGLAND AND FRANCE, by Colok» 
JouKEt, with Notes, and uvwardii ot 100 WooUcuu (uniform wHh Froissut), 3 TOta. rav«r> 
royal 8vo, cloth lettered (pub. at 1/. 10<.), 1/. 4«. 

NELSON'S LETTERS AND DISPATCHES, by SiK Hamm Kicolas, 7 ruin, 8vo. 

(puh. at U. 10m.), cloth, 2L lOa. 1845—46 

HIEBUHR'S LECTURES ON ROMAN HISTORY, trantlaied by CbepmeU aai 
Ccnunler, cunplele ia 3 thick vola., 12mo, cloth, fiontisp., pub. at 16«.— 10«. 6d. 

PERCrS RELIQUES OF ANCIENT ENOLISH POETRY, eonsistiue of Old Heroic 
Ballad*, Songs, and other Pieces of our Earlier Poets, together with sone few o/ later date, 
and a copious Oloasary, complete la 1 vol. medium 8vo. New and elegant Edition, with beau- 
tifully engraved Titla and Frontispiece, by Stkphamow (pub. at l&a.), doth gilt, 7«. 6cf. 

POPE'S POETICAL WORKS, complete in 1 thick volume, foolscap Bvo., frontispiece 
and vignette, cloth gilt, (pub. at &«.), 3t. 6*1, 1842 

RAFFLES' HISTORY OF JAVA, with an Account of Bencoolen, and Details of the 
Commerce and Hesoiirces of the Indian Archipelago. Edited by Ladt Ravfi:.bs. Together 
S vols. 8vo, and a splendid quarto Atlas, containing upward* of 100 Platea by Dahikli., many 
flaely coloured (pub. at 3^. 10«.), cloth, 1/. 7«. 

ROerS LEGENDARY REMAINS. Cmcluding Mother Red Cap, the Death Painter 
Crystal Ooliict, etc. ) with a Sketch of h!s Literary Life by iiis Widow, post 8vo, hondaoraelr 
pi luted, portrait, cloth lettered (pub. at iO«. 6d.), 5«. ' 

ROBINSON CffUSOE. Cabinet Pictorial Edititm, inchidinpr his farther Adyentnres, 
with Life of Drfuk. ftc , upwards of 60 fine Woodcuts, from Designs by HAHYxr, poat Svo. 
Hew and improved Kditioo, with additional cuts, cloth gilt, 4«. ttU 

The only small edition which is quite complete. 

**JPerhaps there exists no work, either of instruction or entertainment, in the English Ian* 
fuage, which has been more generally read or more deservedly admired, than the Life and 
Adventures of Bobinson Crusoe."— 6'ir Walter Scott, 

ROBIN HOOD ; a Collection of all the Poems, Songs, and Ballads relating to this cele- 
brated Yeoman : to which is prefixed, his History Arom ioedited Documents, and a Memoir of 
&ITSOV, by J. M. auTCM, P.S.A. Two vols, elegantly printed in crown 8vo, with Portrait of 
Bitson, and upward* of 120 tasteful wood engravings by Fauiuolt, extra cloth (pub. at 
IL 10s.), reduced to 15f. 

ROLLIN'S ANCIENT HISTORY. A New and complete Edition, with engraved 
Frontispieces and 7 Maps. 2 vols, bound in 1 stout handsome vol. royal 8vo, (pub. at 1^ 4«.), 
sloth, 12a. 

The only complete editioa in a compact form; it is uniform in size and appearance witb 
lioxon's Series of Dramatists, Ste. The previous editions of Ilollia in a aingle voloms an 
■reaily abridged, and contain scarcely half the work. 

ROSCOE'S LIFE AND PONTIRCATE OF LEO THE TENTH. New and much 

improved Edition, edited by his Son, Thomas Roscoe. Complete in 1 stout vol. 8vo, cloaely 
but very handsomely printed, illustrated by 3 fine Portraits, and aumerous iliustratlve En- 
gravings, as head and tail- pieces, cloth, 1/. 4«. 184A 

ROSCOE'S LIFE OF LORENZO DE MEDICI, CALLED "THE MAGN I HCENT." 

Mew and much improved Edition, edited by his Son, Thomas Roscob. Complete in 1 atoat 
▼ol. 8vo, closely but very handsomely printed, illustrated by numerous Engravuigs, introduced 
as head and tail«-pieces, cloth, 12«. 184ft 

** I have not terms sufficient to express ay admiration of Mr. Boaeoe's genins and emdltion, 
or my gratitude for the amusement and information I have received. I recommend Ids labours 
to our country as works of unquestionable genius and uncommon merit. They add the name of 
Boscoe to the very first rank of English Classical Historians."— Afo/tAuu, Purtuittqf Literature, 

*' Roscoe is, I think, by far the best of our Historians, both for bean^ of style and for deep 
reflections; and his translations of poetry are equal to the originals."— WttipoUf Eari itf Oiftri 

ROSCOE'S ILLUSTRATIONS, HISTORICAL AND CRITICAL, of the life of 

Lorenzo de Medici, with an Appendix of Original Documents. 8vo. Portrait of Lorenao, and 
Plates (pub. at li«. ) , boards, 7«., or in 4to, printed to match the original edition. Portrait and 
Plates jpub. at \l. li«. 6d.), boards, 1C«. 
*«* This volume is supplementary to all editloaa of the work. 

THE ROWS ROU containing Armorial bearings. Tliis Bol waslaburd and finished bv 
Master John Rows of Warrewydc With descriptive letter>press and Introduction by W» 
Courthope, Esq. Now first published, 1860. Royal 4to, elegantly printed by WhitttnirtiaBv 
with 32 large plates of Anns, Armour, and Costume, highly illumutatbd in gou> axu 
COLOURS, 4to, half morocco, top edges gilt, 5^ 15«. 6c/. nckering, lS4ft 

*♦* TWs curious volume, of whicn only one hundred copies were printed in 1845, has hitherto 
remained unpubliblied, and the first announcement of it for sale was in the present year. HeSiry 
Q. Bohn is now, by the kindness of Mr. CoiraTHOPE, of the Heralds College^ enabled to add a» 
historical Introduction and a complete description of the plates. 

SHAKESPEARE'S PLAYS AND POEMS. Yalpt's Cabinet Pictorial XditioB, with 

LUe, Glossarial Notes, and Historical Digests of eaeh Play, ftc \b vols, fteap. 8vo, wltb I7i 

Flatea engraved on steel after Desigiia of the most distinguished Britisli Artists ; also fke> 

sindJes ofall the known Antogi&pbs of &Vi«k.e«i^«x«VeuVk.«.X&(.i5«0t cloth, riehg^ a<.0s. iMft 

•HAKSPEARE'S PLAYS AND POttAS. \N«^.%vo,m\3ii"Eajft>saj6«n'S.^^ 
M«nsoirb7Da.JoHH80x» ¥oxtxai\ ^^uX). ax\u.^,«\<A\it'l%.M. 
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SHAKSPEARE'S PLAYS AND POEMS. Pocket Edition, with a Life by Alexakdi* 
Chalmers, compleie in 1 thick vol. 12mo. printed in a Diamond type, with 40 steel Engravings 
(pub. at 10«. 6d.), cloth, ft*. IMS 

SHAKSPERE'S PLAYS AND POEMS, with Explanatory Notes, and a Sketch of his 
Life and Wrltinga, edited by Charles Knight. Illustrated by 40 large Designs onweod 
by W. Uakykt. Sixth Edition, thiclE 8to. cloth, 10«. 6d. 

SCHLOSSER'S HISTORY OF THE XVI Nth CENTURY, AND OF THE XlXth 

till the Overtlirow of the French Empire : with particular reference to Mental Cultivation an^. 
Prcwress. '1 ranslated from the German by Davisok, irith copious Index. 8 thick vols, Sro, 
(pun. at 41. 16«.), cloth extra, 1^. 8«. 

SHIPWRECKS AND DISASTERS AT SEA. Narratives of the most pcmarkabla 
Wrecks, Conflagrations, Mutinies, Slc. comprising the " Loss of the Wager," ''Mutiny of tbe 
Bounty," itc. 12mo, Frontispiece and Vignette (pub. at 6«.), cloth, 3«. 

SMOLLETT'S WORKS, Edited by Roscoe. Complete in 1 vol. (Roderick Random, 
Humphrey Clinker. Peregrine Pickle, Launcelot Greaves, Count Fathom, Adventures of an 
Atom, Travels, Plays, &c.) Medium Svo, with 21 capital Plates, by Ckvixsuavk (pub. at 
II. 4« ), cloth gilt, 14s. 

" Perhaps no book ever written excited snch pealc of inextinguishable laughter as Sm<d- 
lett's.— Sir Waller Scott. 

STERNE'S WORKS. Complete in 1 toL 8to, Portrait and Vignette (pub. at 18f.) 

cloth, 10s. 6d. 

ST. PIERRE'S WORKS, including the •'Studies of Nature," "Paul and Virginia," and 
the " Indian Cottage," with a Memoir^ nf the Author, and l^otes, by the Ret. E. Cjuoikb 
complete in a thick vols. fcap. Svo, Portrait and Frontispieeefl (pub. at lti«.), cloth, 7«. 184< 

SWIFTS WORKS. Edited by Roscoe. Complete in 2 vols, medium Svo, Portrait, 
(pnb. at )/. 12«.), cloth gilt, 1/. U. 
** Whoever in tiie three kingdoms has any books at all has Swift."— Zord CKetterfield. 

SYRIA AND THE HOLY LAND, their Scenery and their People ; being Incidents of 
History and 1 ravel, from Bukckk ardt, Lixdsay, Kubinson and oihcr leadintr AuihoriticB, 
by W. K. Kbllt. With 180 fine Wood Engravings. Demy Svo, (pub. at J2«.f , cloth, it. 

TAAFE'S HISTORY OF THE KNIGHTS OF MALTA, &o., 4 toU. in 2, 8vo. cloth 

CLt, ( pnb. at 21. 1 0<. ), 10s. 6d. 18&2 

TAYLOR'S (W. B. S.) HISTORY OF THE UNIVERSITY OF DUBLIN. Numerous 
Wood Engravings of its Buildings and Academic Costumes (pnb. at 11.), cloth, 7«. &d. I84f 

THIERS' HISTORY OF THE FRENCH REVOLUTION, the 10 parts in 1 thick vol- 
royal Svo, handsomely printed, cloth lettered (pub. at 1/. &«.), 10s. 

THIERS' HISTORY OF THE CONSULATE AND EMPIRE OF NAPOLEON, 
tiie 10 parts in 1 thick vol., royal Svo, handsomely printed, cloth lettered (pub. at 1^ to.), 10«. 

TUCKER'S LIGHT OF NATURE PURSUED. Complete in 2 vols. 8?o. (pub. atU 10*.), 

cloth, \b». 

"The ' Light of Nature' Is a work which, after much consideration, I think myself aitho- 
rixed to call the most original and profotind that has ever appeared on moral philusophy.— Sir 
Jamet MaeldtUoA. 

TYTLER'S ELEMENTS OF GENERAL HISTORY. New Edition, thick 12mo, (626 
closely printed pages), steel Frontispiece (pub. at &».), cloth, 3«. 6d. 

WADE'S BRITISH HISTORY, CHRONOLOGICALLY ARRANGED. Comprehending 
a clashified Analysis of Events and Occurrences in Church and 8tate, and of the CnnstitntionaC 
Political, Commercial, Intellectual, and Social Progress of the United Kingdom, from the first 
Invasion by the Romans to the Accession of Queen Victoria, with very copious Index and 
Supplement. New Edition. 1 large remarkably thick vol. royal Svo, (1200 pages), cloth, 18«. 

^^4^P^^- MEMOIRS OF HORACE WALPOLE & HIS CONTEMPORARIES. 

^ll't^^J ^. **AY,*f°?' *nci"A'n? Original Letters, chiefly ftom Strawberry HiU, 2 vols., Svo., 
with Portraits of Walpole and Miss Berry, (pub. at IL U.), 9s. 

WATERSTON'S CYCLOPEDIA OF COMMERCE. MERCANTILE LAW, FINANCE. 
COMMERCIAL GEOGRAPHY AND NAVIGATION. Ntw EdUmm in the prtu. ' 

^^^£9?t9oP*^ ""'tis w^"'9"* . AND RAMIFICATIONS OF THE ENGLISH 
LANbUAOl!., preceded by an Enquiry into the Primitive SMita, Early Migrations, and Final 
BMtkments of the principal European NaUons, 8vo. cloth lettered, (pub. at 14#.), U. 

WELSFORD'S MITHRIDATES MINOR: or an Essay on Language: 8vo., dotb.let- 
Sv«4, (p«b. at ifts. Stf.), &«. ' "^ * * •j^U 
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WEBSTER'S AND WORCESTER'S NEW CRITICAL AND PRONOUNCINQ 
DICTIONARY OF THE ENGLISH LANOUAOB, Including Scienttfle Terms: to whiea 
art addeil Walxkr'i Key to the Pronunciation of CUtblcal and Scriptural Proper Namei, 
much cniaritcd: and a Pronouncing Vacahulary of Modem Geographical Names. Mew Edi- 
tion, enlarged and entirely revised oy Woagxstkk. In 1 thick vol. royal tvo (pub. at lU St,), 
dotb, 1*«. IMI 

WHITE'S FARRIERY, improved by Botau, 8ro, with Flttes engrared <m steel (pvb. 
at 14«.)« cloib, 7«. i**f 

WHITELOCKES (BULSTRODE) JOURNAL OF THE SWEDISH EMBASSY itt 

the year* 1653 and 1641, new edition, republlshi-d at the recommendation of Lokd MxcxvLAXm 
and edited by Hbvrt Bekvk, Esq., 2 vols, 8vo, cloth (pub. at IL 4*.), lit. 

WILLIS'S PENCILLINGS BY THE WAY. A new and beautiful Edition, with addi- 
tions, fcap. 8vo, Qne Portrait and Plates (pub. at 6«.), extra red Turkey cloth, richly gilt back, 

WRIGHTS COURT HAND RESTORED, or the Student asiiated in reading oM 
Cbartera, Deada, ke. amall 4to. 23 plates (pub. at It, fi«.), cloth, lit* ""' 



BARRETTS SYNOPSIS OF CRITICISMS upon those Passages of the OLD TESTA- 

MENT in which Commentators have differed from the Authorized Version; together with 
an explanation of difficulties in the Hebrew and English Text*, ft vols, royal Svo, (ptdi. 
at 3/. 10«.), cloth, 1/. 1«. 

BAXTER'S (RICHARD) WORKS, with Sketch of the life, and Essay on theGeniin 

of the Author, 4 vols, imperial Svo, (pub. at 4^. 4«.), 21. I2t. td, 

BINGHAM'S ANTIQUITIES OF THE CHRISTIAN CHURCH. New and improved 
Edition, carefully revised, with an enlarged Index. 2 vols. impl. Svo, cloth, 1/. lis. 6d. iSM 

*'Bin(rham is a writer who does equal honour to the Enirlish clergy and to the English nationi 
and whose learning is only to be equalled by his moderation and impartiality." — Quarterly Jttm» 

CALMETS DICTIONARY OF THE BIBLE, WITH THE BIBLICAL FRAG- 
MENTS, by the late Charles Tatlok. 5 vols. 4to, illustrated by 202 Copper-plate Engrar- 
ings. Eighth greatly enlarged Edition, beautifully printed on fine wove paper (pob. at 
lOr. 10«.), gUt cloth, 4^ 14«. M. 

"Mr. Taylor's improved edition of Calmet's Dictionary Is indispensably necessary to amy 
Biblical Student. The additions made under the title of * Fragments ' are extracted firom tha 
most rare and authentic Voyages and Travels into Judea and other Oriental countries; and 
comprehend an assemblage of curious and illustrative descriptions, explanatory of Scriptnr* 
inciaents, customs, and manners, which could not possibly be explained by any other meainah 
The numerous engravings throw great light on Oriental customs." — Home. 

CALMETS DICTIONARY OF THE HOLY BIBLE, abridged, 1 large vol. imp.SvOb 
Woodcuts and Maps (pub. at 1/. 4«.), cloth, 15«. 

GARY'S TESTIMONIES OF THE FATHERS OF THE FIRST FOUR CENTURIES 

TO THE CONSTITUTION AND DOCTRINES OF THE CUUBCH OF ENQLAND. 
aa set forth in the XXXIX Articles, Svo, (pub. at 12«.), cloth, 7«. M. Oj^ord, TiUbOfr, 

*' This work may be classed with those of Pearson and Bishop Bull; and such a elasatflea- 
tlon is no mean honour."— CAurcA qf England Quarterly. 

CHARNOCKS DISCOURSES UPON THE EXISTENCE AND ATTRIBUTES OF 
GOD. Complete in 1 thick closely printed vol. Svo, with Portrait (pub. at 14«.), cloth, 6t, Ad. 

** Perspicuity and depth, metaphysical sublimity and evangelical simplicity, immense Ieara~ 
ing but irrefragable reasoning, conspire to render this performance one of the most inesUmabl* 

Productions that ever did honour to the sanctified Judgment and genius of a human being.*'— ■ 
'opladif, 

CHRISTIAN EVIDENCES. Containing the following esteemed Treatises, with Pre- 
^tory Memoirs by the Rev. J. 8. Mbmes, LL.D., viz .-.Watson's Apology for Chriatianltw; 
Watson's Apology for the Bible; Paley's Evidences of Christianity; Paley's Horse PauUnse; 
Jenyns' Internal Evidence of the Christian Religion; Leslie's Truth of Christianity Demon- 
strated; Leslie's Short and Easy Method with the Deists; Leslie's Short and Eaaj Method 
with the Jews: Chandler's Plain Reasons for being a Christian : Lyttleton on the Conveiaioa 
of St. Paul; Campbell's Dissertation on Miracles; Sherlock's Trial of the Witneaaea, with 
Sequel; West on the Resurrection. In 1 vol. royal Svo (pub. at 14«.), cloth, 10«. 

CHRISTIAN TREASURY. Consisting of tlie foUowing Expositions and Treatises, Edited 
by Memes, viz:— Magee's Discourses and Dissertations on the Scriptural Doctrines of Atone- 
ment andSacriflce; Witherspoon's Prnrtical Treatise on Regeneration; Boston's Crook in th« 
Lot; Guild's Modes Unveiled: Guild's Harmony of all the Prophets; Less'a Authenticl^. 
Uncorrupted Preservation, and Credibility of the New Testament: Stuart's Lettezs on tLs 
Divinity of Christ. In 1 vol. xoyal Svo (pub. at 12«.), cloth, 8t, 
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COMPLETE WORKS i wftt 1 Moinoii or Ui lifti bj liii 
LECTURES ON THE PENTATEUCH. 8fD, Now EJiUon (pub. 
MAU.B (THe'rEV. ROBEH'n COMIJUTE^WOBMjm^^^ 
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HENRY'S (MATTHEW) COMMENTARY ON THt. P^y^^^^^P'^^ ^j^'SJ 
HILL'S (REV. ROWLAND) MEMOIRS, bj hii^Friena, tbe Her, W.^Jo»«aEiIleiL 



HOPKINS'S (BISHOP) WHOLE WORKS, wllh iMimidlrorUiE : 
HORNE ON THE PSALMS." Commentarj on Iho Book or Pinl 



HUNTINGDON^ (COUNTESS OF) UFE AND TIMES. BjjMBiobrr of the How 

lEIOHTON'S (ARCHBISHOP) WHOLE WORKS: Wrhlili f> preflid a Lifeoftha 
jkulbnr, bi IhB Bii, N.T. Fiabhii. Nia EillIJiiii,Illiiiik YoU.lig.ygiuuli (giili. ItU. «.' 
•IindDlb.lb. Thi uii ooniplili Eillllus. 

LEIOHTON'S COMMENTARY ON PETER; wia Lite li j Pmuoii, eomplole in 1' ^ 

UVES OF THE ENQUSH SAINTS. Ej' tlii E». 1. B. NlWHAK a 
MVRIE'S UFE Of JOHN KNOX, with lllnitnliaoi of l)ie Hiiton of <be T 
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i:..*?'!''.'? iMi. •*• »;nhi4iim •» iMfi a Ui fuUImUhi lUl mini IM wihIv 



1 

I 



26 OATALOOTTE OF NEW BOOKS, 



I 



r MORE'S ^HANNAH) WORKS, complete in 11 vols. foap. 8vo, with portrait and i 

I nette title*, cIoUi, 1/. 18<. &/. 1 

' MORE'S (HANNAH) SPIRIT OF PRAYER, fcap. 8vo, Portrait ^ub. at 6s.), doth, '. 

Ctdttl,] 

I MILNERS HISTORY OF THE CHURCH OF CHRIST. With Additions by the h 

Re». Isaac Mii-.iek. D.D., F.R.S. A New Eilltion, revised, with additioBal Kotet Iqrl 
I llev. T. Grantham, B.D. 4 vols. 8vo, puhlUhcd at 52*., reduced to 1/. I*. 

1 MORE'S (HANNAH) PRACTICAL PIETY: Or the Influence of the Religion of i 

I Heart on the Conduct of the Life, 32mu, Portrait, cloth, 2». 6d, 

• The only complete small edition. It was revised just befiore her death, and contaiu m 

improvement, which is copyright. 

MORE'S (HANNAH) SACRED DRAMAS chiefly intended for Young People, towh 
is added " Sensibility," an Epistle, 3:^mo (pub. at 2a. 6d.), g^t cloth, gilt edges, 2*. 

MORE'S (HANNAH) SEARCH AFTER HAPPINESS; with Ballads, Tales, Hyn 

and Epiuphs, 32mo (pub. at 'jt. 6d.), gilt cloth, gilt edges, Is. 6d. 

MONTGOMERY, MEMOIRS OF JAMES, THE POET, including Selections fr 
bin Cuiiehpoiidonco, KcmainH in prose and verse, and CouversatiocB on Tariooa suHiei 
Edited by John- Holland and James Everett, 7 vols, post 8vo, with a fine portrait i 
frontispiece to each volume engraved on ateei (in all 14 plates), cloth (pal>. at 3/. 13s. 6i 
' lUU, 

NEWTON'S (REV. JOHN) WORKS, with a Life of the Author, by the Rev. Richj 
Cecil, and an introduction by the Kev. T. Cvkvihouam. MJ^ imperial Sro, with Port 
; (pub.atl^fts.), 15«. 

i PALEYS WORKS, in 1 vol. consisting of his Natural Theology, Moral and Politi 

I Philosopliy, Evidences of Christianity, IIor» Paulinse, Clergyman's Companion in visitiog 

Sick, iic. 8V0, handsomely printed in double columns (pub. at 10s. 6cU), cloth, 5«. 

I RIDDLES ECCLESIASTICAL CHRONOLOGY) or Annals of the Chriatian Cbo 

, from its Fuunddtiun to the Present Time ; containing a View of General Church History i 

I cludini; Controversies, Sects, and Parties, Ecclesiastical Writers, &c.) 8to, cloth (oak 

15«.), reduced to 7». 6d. **^ 

I ROBINSONS SCRIPTURE CHARACTERS; or, a Practical Improvement oft 

Principal Histories of the Old and New Testament, 2 thick vols., 8vo, handsomely prial 
with Purlruit and Life of the Author, cloth lettered, (pub. at U. Is.), 10s. 6<i. 

SCOTT'S (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Autb 
I last Corructiona and Improvements, and 84 beautiful Woodcut Illustrations and Maps, s i 

imperial 8vo (pub. at il. 4«.), cloth, U. 16<. 

1 SIMEON'S WORKS, including his Skeletons of Sermons and Horse HomiI<;tic«, 

' :' I>isc(>iuses digested into one continued Series, and forming a Commentary upon every B 

of the Old and New Testament; to which are annexed an improved edition of Claude's S« 
on the Composition of a Sermon, and very comprehensive Indexes, edited by ILev. Tho] 
Hariwell Horke, 21 vols. 8vo. (pub. at 10^. 10«.), cloth, 7^ 7*. 

ne foliowmg miniature edition* qf Simeon' t popular wcrke art unifitrmlff priiUeel m UmOm mi 

bound m cloth : 

; THE CHRISTIAN'S ARMOUR, 9d. 

1 THE EXCELLENCY OF THE LITURGY, M. 

I THE OFFICES OP THE HOLY SPIRIT, 9d. 

1 HUMILIATION OF THE SON OF GOD ; TWELVE SERMONS, M. 

I APPEAL TO MEN OF WISDOM AND CANDOUR, 9d. 

; DISCOURSES ON BEHALF OF THE JE«^S, 1«. 6d. 

•«The works of Simeon, containing 3536 discourses on the principal pasioges of the <nd I 
I New Testament will be found pecullariy adapted to assist the studies of the younger clercv 

their preparation for the pulpit; they will likewise serve as a Body of Divinity; and an 
many recommended as a Biblical Commentary, weU adapted to be read in families." — iMmmt 

1 SMYTHS (REV. DR.) EXPOSITION OF VARIOUS PASSAGES OF HOI 

I SCRIPTURE, adapted to th« Use of Familes, for every Day throughout the Year, 3 vols. I 

(pub. at U.ll«.6d.), cloth, Qt. I 

SOUTH EY'S LETTERS, selected and edited hy his son-in-law JoHir Wood Wakte 
; B.D., 4 thick vols, post 8vo, cloth (pub. at 21. 5«.), I8s. 

SOUTHS (DR. ROBERT) SERMONS : to which are annexed the chief heads of 1 
Sermons, a Biographical Memoir, and General Index, 2 vols, rojai two (pub. at it, 4 
I cloth, Ibi, 

' STEBBING'S HISTORY OF THE CHURCH OF CHRIST, from the Diet of Aueabu 

1530, to the present Century, 3 vols. 8vo (pub. at U. 16«.), cloth, 12k. ^ 1, 

SPOTTlSWOODES HISTORY OF THE CHURCH OF SCOTLAND. Edited 

,, , the RiGUi Rev. Dr. Russell. 3 vols, 8vo, (pub. at 11. lo».), cloth extra, 12*7 ^*"'''^ 

^'' TAYLOR'S (JEREMY) COWPLETt ^ORV.S, 'wVCtv «si ^VK«,^v!3imwAsij6»i « 

Crttfeal ; S large vols. Impenii «tO| Yotvn&x V's^Xk. ax u. \te.^, c>^o^3(k«^u u. v»*»^«>^ « 
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B TAYLORS (ISAAC OF ONGARJ NATURAL HISTORY OF ENTHUSIASM, 

Tenth Edition, fcap. 8vo, cloth, 5« 

. ** It Is refreshing to m to meet -with a work bearing, aa this nnqoeftlonably does, the impresB 

*■ <rfbold, powerful, and original thouj^ht. Its most strikingly original views, however, nevef 

transgress the hounds of pure Protestant orthodoxy, or violate the spirit of truth and sober- 
f: ness : and yet it discusses topics constituting the very root and basis of those furious polemic! 

I which have shaken repeatedly the whole intellectaal and moral worid."— /I/A«ita«i(m. 

TAYLOR'S (ISAAC) FANATICISM. Third Edition, carefully revised. Ecap. 8vo 
( cloth, 6». 

*' It is tbti reader's fault if he does not rise fh>m the perusal of such a yolome as the present 
I a wiser and a better m»n.— Eclectic Revtew. 

TAYLORS (ISAAC) SATURDAY EVENING, Seventh Edition. Pcap. 8vo, cloth, 5*. 
" ' Saturday Evening,' and * Natural History of Enthusiasm,' are two noble productions." — 
Staekwood't Magazine. 

TAYLORS (ISAAC) ELEMENTS OF THOUGHT, or concise Explanations, alpha- 
btiically arranged, of the principal Terms employed in the usual Branches of Intellectual 
Philosophy. Ninth Edition. ISmo, cloth, if. 

f .IMPSON'S KEY TO THE BIBLE, ccnitaininfl; a Summary of JBiblical Knovled^, 

r and a Dictionary of all the principal Words in the Old and New Testament, illostrated by three 

maps, and 124 beautiful woodcuts, 8vo, cloth lettered, (pub. at 14«.), 7<. 1853 

TOMLINE'S (BISHOP) ELEMENTS OF CHRISTIAN THEOLOGY. Fonrteenth 
Edition, with additional Notes and Summary, bySxsBBiNG. 2 vols. 8vo, cloth, lettered (pok. 
t II. U.), lOt. 6d. 

TOMLINE'S (BISHOP) INTRODUCTION TO THE STUDY OF THE BIBLE, 

OR ELEMENTS OF CHRISTIAN THEOLOGY. Containing Proofs of the Authenticity 
and Inspiration of the Holy Scriptures; a Summary of the History of the Jews; an Account ot 
the Jewish Sects; and a brief Statement of the Contents of the several Books of the Old and 
New Testaments. Nineteenth Edition, elegantly printed on One paper, 12mo (pub. at 5«. 6d.), 
cloth, 3«. 6d. 

*' Well adapted as a manual for students in divinity, and may be read with advantage by tba 
most experienced divine." — Martk't Lecture*. 

WHEELER'S (REV. N.) SERMONS; preached in the Parish Churches of Old andNenr 
Sboreham, (in the vicinity of Brighton), Sussex, large type, 8vo, cloth, (pub. at 10s. 6d.), fis. 

WILBERFORCE'S PRACTICAL VIEW OFtJHRlSTIANITY, With a comprehensive 
Memoir of the Author, by the Rev. T. Faics, 18mo, printed in a large handsome type (pub. at 
6<. ) , gilt cloth, 2». %ii. IMS 

J^ouip languages anJf Hittrature. 

IVCLUDIKO 

CLASSICS AND TRANSLATIONS, CLASSICAL CRITICISM, DICTIONARIES 
GRAMMARS, COLLEGE AND SCHOOL BOOKS, ATLASES, &c. 



ATLASES.— A NEW GENERAL ATLAS, engraved by Sidney Hall, demy foUo, 
53 large Maps, with the Divisions and Boundaries care(\iUy coloured, and a complete General 
Index. New Edition, corrected to the present time, half morocco, 21, \2». td. 

WILKINSON'S CLASSICAL AND SCRIPTURAL ATLAS, with Historical and 
Chr<>nolo7ical Tables, Imperial 4to. New and improved Edition, 53 maps, coloured (pub. at 
21. ii.), half bound morocco, 1/. 11«. M. 1843 

WILKINSON'S GENERAL ATLAS. New andimproved Edition, with aU the Railroads 
inserted. Population according to the last Census, Parliamentary Betums, ftc, Imperial 4to. 
46 Maps, coloured (pub. at U, 16/.), half bound morocco, U. be. 1842 

AINSWORTH'S LATIN DICTIONARY, by Dr. Jamiesoh, an enlarged Edition, con- 
taining all the words of the ttuarto Dictionary. TbicJc 8vo, neatly bound (pub. at ]4«.) 9». 

1847* 

WBLIA HEBRAICA, EX EDITIONE VANDER HOOGHT. Recognovit J. D. Allk- 
KAiTD. Very thick Svo, handsomely printed (pub. at II. 5«.), cloth, 10«. 6d. Lond. Duneant 1850 

BOURNE'S (VINCENT) POETICAL WORKS, Latin and EngUsh, 18mo (pub. at 

U. 6d.), d th, 3$. 6d. ISM 

■ the same, large paper, an elegant volume, 12mo (pub. at St.), cloth, 3«. fid. 18H 

CICERO'S LIFE, FAMILIAR LETTERS, AND LETTERS TO ATTICUS, 
by MinDX,BTox, Mblmoth, and Hsbjikden, complete In one thick voL royal (to, portrait^ 
(pub. at 1^ 4t.), cloth, 12e. 184S 

COLLETTA'S HISTORY OF THE KINGDOM OF NAPLES, translated from the 

Italian by S.vraic Horxer, with a Supplementary Chapter continuing the work to 1866, and 
a copious Index, 2 vols, 8vo. handsomely printed, cloth (pub. at W. 4». ), lo». 

*• General ColIetU was intimate with the leading Neapolitans of his time; he knew the 
minor Buonanartes; he served the Royal and Republican * Courts;' he was a contamporary 
f Nelson and Emma Hamilton; he was sufficiently close to the scene to stuxe latlie \^^'<a!AX 
motion when Caracciolo died on the yard-arm of the Miaecva,"— At^lnMevaa« 
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CORPUS POETARUM LATtNORUM. £didit G. S. Walkse. Complete in 1 vetj 

thick vol. ro7«l tvo (pub. at U, 1$.), cloth, Iti. 
Tbb comprehenaivfl Tolumt eootaiiia a Uhnrj of the poetical Latia claaski, eoirectly 

printed from the best texts, tUj— 
C«tulltui, ViniL Luean, flalpicla, Calpurnlva UeulM 

Tibollua, OtU, Pcnlui, Statitu, Aoaonlaa, 

PropertioSf Horaee, Jnveaalf Silius Itallena, Claudiao. 

LofOMtiva. Fluidraa* Maitkl, VaUrlua riaeeaat 

DEMOSTHENES, translated by Lkland, the two toIb. 8to, complete in 1 roL 13m» 
handsomely printed In double eolumiu, in peari type, portrait (pub. at &«.), tlotb, it. 

QRAGLIA'S ITALIAN-ENGLISH AND ENGLISH-ITALIAN DICTIONARY, with a 
conipcndiona Italian Grammar and Supplementary Dictionary of Maral Terms, ISmo, roan 
(pub. at 8«.),4«. Cd. 

HERMANN'S MANUAL OF THE POLITICAL ANTIQUITIES OF GREECE, 
Historically considered, translated flrom the Gorman, tro (pub. at 1A«.), cloth, lOf. 6<L 

OifordL, TaU>o^t 1KW 
"Hermann's Mannal of Greek Antiquities is most important."— nirZmUi'* BiMt, </ Grcec*, 
▼oU 1, p. 443. 

HERODOTUS, CAREY'S (REV. H.) GREEK AND ENGLISH LEXICON TO 

HERODOTUS, adapted to the Text of Gaisford and Baehr, and all other Editions, 8to, elotb 
(pub. at 12«.),8«. 

LEMPRIERE'S CLASSICAL DICTIONARY. Miniature Edition, containing a ftdl 
Account of all the Proper names mentioned in Ancient Authors, and much useful inlormatioa 
respecting the uses and habits of the Greeks and Romans. New and complete Sditiont 
elegantly printed in pearl type, in 1 very thick vol. iSmo (pub. at 7». 6<f.), cloth, 4«. 6d. 

UVII HISTORIA, EX RECENSIONE DRAKENBORCHII ET KREYSSIQ; 

Et Annotationes Crbtibiui. Strothii, Rupbrti, etaliorum; Animadversiones NiBBvanit, 
Wachsmvtuii, et auas addidit Tkavbrs Twiss, J. C. B. CoU. Univ. Oxon. Socius et Tutor. 
Cum Indice amplisaimo, 4 vols. 8to (pub. at I/. 18«.), cloth, 1/. It. Ojfford, U4] 

Tbis is the best and most lueful edition of Livy ever published in oetayo, and It is preferred 
In all our universities and classical schools. 

LIVY. Edited by P&endevtlle. Livii Historiee libri qninqne priorei, with En^iab 

Notes, by Pbendbvillb. New Edition, 12mo, neatly bouna in roan, to. 
■ ■ the same. Books 1 to III, separately, cloth, 3«. id, 

• the same. Books IV and V, cloth, 3«. 6d. 

NEWMAN'S PRACTICAL SYSTEM OF RHETORIC; or, the Prindplet and Biilei of 

Style, with Examples. Sixth Edition, 12mo (pub, at it. 6d.), cloth 3«. 6d. 

OXFORD CHRONOLOGICAL TABLES OF UNIVERSAL HISTORY, from the 

earliest Period to the present Time: in which all the great Events, Civil, Religious, ScientiOC( 
and Literary, of the various Nations of the World are placed, at one view, under the eye of the 
Reader In a Series of parallel columns, so as to exhibit the state of the whole Civilized World 
at any epoch, and at the same time form a continuous chain of History, vrith Genealogieal 
Tables of all the principal Dynasties. Complete in 3 Sections; vis:— 1. Ancient HiatotTt 
II. Middle Ages. III. Modern History. With a most complete Indfex to the entire worx, 
fblio (pub. at 1^. 16«.), half- bound morocco, 1/. it. 

The above is also sold separately, ai follows: — 
THE MIDDLE AGES AND MODERN HISTORY, 2 parte in 1, folio (piib. at li. S*. 9d,U 

sewed, 1S«. 
MODERN HISTORY, folio (pub. at 12*. ), sewed, St. 

PLUTARCH'S LIVES> by the Langhoknxs. Oomplete in 2 vols. 8ro. (pub. at 1/. la.! 
cloth, lo«. 6d, ^ /9 

RAMSHORN'S DICTIONARY OF LATIN SYNONYMES, for the Use of Schools aad 
private StudenU. Translated and edited by Da. Liebbr. Port 8vo. (pub. at 7s.), cloth, 4«. Sd. 

1S41 

A book of the same school and character as the works of Hebrbx, Bobcxb, Schlsobx, fte 
^'•c!5'Y°'^?o^r5u¥!JtftfP.FK°>'i" lexicon to SOPHOCLES, tnmshitcd by 

Gary. 8vo, (pub. at 12«.), cloth, 6t. 6d. Otford, Talbo^, IMI 

*^AP.P y5?''^5K,9'i9^»S"'"0'^AT"Y, designed as an Introduction to a Course 
of Hebrew Study. Third Edition, 8vo, (pub. at 14«.f, cloth, 9«. O^ord, Talbi^^vS 

*J?L* ^°'^' 7^^^^ '^•^ designed by its learned author to facilitate the study of Hehrevr. has 
«J tJ^JH ^l^V***^"^ "^^ I" America. It lonns a desirable adjunct to aU Hehrew GramuMu 
«nd is infflcient to complete the system >f instrucUon in that language. nnmn, 

'^^V-P^'L^}^\^9j ^l ONGAR) HOME EDUCATION : a new and enlargisd editian. 
revised By the Author, fcap. 8vo, cloth, 5s, ' " ««— •»«, 

THUCYDIDES, GREEK, carefully revised upon the texts of Bekker. Popm unii 
Abholp, with copious EnglUh Notes, and explanatory Indexes by the Rev? 8. T B^nn^ 
at"M8?rUf °''®*' '*'°"**^**'* '"** enlarged, with mapa and plane, ctoth (Jut 

This pop'ular edition is stereotyped, and being now reduced to a price suOciwitlT low to h« 
ed in Schools, it is hoped it, wU\ be extensively introduced. ««»Hy low to m 

ixHsa Volume icay sa vxa aaTaxuLT^i.^ ja xaa cAua kaxb, rlx.7t. 




TEREtrritV, CUM NOTIS VARIORUM, CURA ZEUNII.cnmGlLIli MDsd.lDigx 
VIRGIU EDWARDS'S SCHOOL EDITION. Vifgilii £ncii^ con £D»)iua, et Qanli- 

Wll.SO\'S (JAMES PROFESSOR OF FRENCH IN ST. GREGORrS COLLEGE) 
OPERA, GR.ETLAT. SCHNEIDER! ETZEUNII, icesdtt InJer 



XENOPHON'S WHOLE WORKS, tnDtlatcd ij SfLukTi ud oi: 






iaobels, gesoriis of ;ffittion, ■Eig^t iliialifns. 

CHUIKSHANK "AT HOMEr' "New Fanilj *11«™ rf E»3l™ El 
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GERMAN EXPERIENCES. Addm 



to l)io Engluli, boUi 



1. (pub. u liniut tToHiT"-" ' 
IMHYATS PIRATE AND THE TMREE CUTTERS. Bvo, miu 110 ma>t iBlndid 



UARHVAT'S (CAPT.) PRIVATEER'S MAN 



MAHRYATS (CAPT.> MASTERMAN READY, o 



f ONE HUNDRM YEARS AQO. 



MARRYAT-S MISSIOPj, (n SCENES IN AFRICA. (Writlm lot rontiE Fuple). 

MARHYAT'S^SETTLERS IN CANADA (WritleB for Yonnj Pcjmle). Nbw edition, 

MAVHEWl IMAGE OF HIS FATHER; or.OnBBojis UorsTranblD tliu ( Oata 
□if II; • Till, vim II i^ipHil Snimlofi hj PmE. Hn MIUdq. Ie 1 Till, poll ••o. clglt (ill, 

mnroRD'S (MISS} OUR village; earanJtloinaioli.pon Sto, t Sulei of Kui4 

MR!>- JAMESON'S CHARACTERISTIC) OF WOMEN. Homl, Foliliol. unil 

BKETCHES FROM FLEMISH LIFE. Bt I'*"'^'' '^°'"''»'°*- evniima.Vf 



go CATAIOGTJ* 0» KIW BOOK!, 



gubenfle anU ISUmtntarB i3oofe8, (Sawtta^tfcs, fee. 

.. the same, the PUtM coloured, fflt cloth, gflt edges (pab. »t f. «*)• «•• 

Puiiiock: Wmo, with 30 pleMlng Lithographs (pub. at S.. ). cloth, 2.. «« 

•.».»t-B.(< II itfCMii p NATURALIST, or Country Walks in Spring, Summer, Autumn. 
"^"Jfd^^lnVrV^'s^iiltl.ifoWw ^Sumul^ WoodcuU^pob, 1 7.. 6d.). dath,^^ 

■vIns^s%ALES Of CHIVALRY; or, Evenings with the Chroniclenj square IGmo. 
18 woJdcuU, cloth lettered, (pub. at i*. 6d.), 3«. M. 

eifAMcc TRUE TALES OF THE OLDEN TIME, selected from Fboissabt. Third 

^^ eSuoI hand.! J5 prlLd; 16 flu^^^ 16»o. gilt cloth, (pub. at 4.. 6d.), ^id 

FAIRY TALES OF ALL NATIONS, by Anthont IL MontAlba, with 24 iUua- 
trationsby Richard Doylk, aqaare iSino. cloth extra, 4«. Sd. 

GAMMER GRETHEL'S FAIRY TALES AND POPULAR STORIES, translated from 
the German. of Grimm (containing 42 Fairy Tales), poet Sto, nvmierous Woodcau by Gkorgb 
Cruikshauk (pub. at 7*. 6d.), cloth gUt, 5«. 1840 

GOOD-NATURED BEAR. A Story for Children of all Apes, by E. H. Houfs. Square 
8V0, Plates (pub. at S«. )» cloth, 3*., or with the Plates coloured, 4*. IS50 

CRIMMS TALES FROM EASTERN LANDS. Square 12mo, Platea (pub. at U\ 
cloth, 3«. 6d., or Plates coloured, 4«. 6d. «>« 

ILLUSTRATED DITTIES OF THE OLDEN TIME; a Scries of 29 exquisitely grace- 
fui Designs, Uluslratifc of popular Nursery Rhymes, email 4to, elegantly bound In doth, 6a. 

LAMB'S TALES FROM SHAKSPEARE. desijmed principally for the use of Yorar Per- 
sons (written by Miss and Charles Lamb), Sixth Edition, embellished with 30 large and bcau- 
tlfttl V/oodcut Engravings, from Designs by Uarvst, fcap. Svo., (pub. at 7t. Cd.), cloth gUt, 
at. &d. 

L, E. L. TRAITS AND TRIALS OF EARLY LIFE. A Series of Tales addressed to 
ToHRg People. By L. E. L. fMiss Lakdon). Fourth Edition, fcap. Sto, with a bcautifhl 
Portrait engraved on Steel (puo. at 5«.), gilt cloth, 3«. IMS 

LOUDON'S (MRS.) ENTERTAINING NATURALIST; beine popular Dcecriptions. 
Tales and Anecdotes of more than SOO Animals, comprehending all the Quadrupeds, Birds, 
Fishes, Reptiles, Insects, &c., of which a Icnowledge is indispensable in Polite Education. 
Illustrated by upwards of 500 beautiful Woodcuts, by Bewick, Uarv£t, WuniFSR, and 
others, post 8vo, gilt cloth, fle. 

IKIARTIN AND WESTALL'S PICTORIAL HISTORY OF THE BIBLE; thcletter- 

Sress by the Rev. Hobart Cavkter, 8vo. 144 extremely bi>autlfiil Wood Enpravings by the 
rst Artists (including reduced copies of Martin's celebrated Pictures, Belshazzar's Feast, 
The Deluge, Fall of Nineveh, Sk.), cloth gilt, gilt edges, reduced to I2t. 
A most elegant present to young people. 

MARRYAT'S MASTERMAN READY, PRIVATEER'S MAN, MISSION, and SETTLEKa— 
see previous page. 

MERRY TALES FOR LITTLE FOLK ; illustrated with upwards of Two Hundred and 
lilty Wood Engravings ; new and improved edition, elegantly printed, extra cloth gilt, 3«. id. 
*«* Th is highly popular volume contains 40 different Stories of the olden ilmr. 

PERCY TALES OF THE KINGS OF ENGLAND ; Stories of Camps and Battle-fields, 
Wars, and Victories (modernized from Holikshed, Froissart, and the other Chroniclers), 
9vols.ini, square 12mo. (Parley size.) Fourth Edition, consideraoly Improved, completed 
to the present time, embellished with 16 exceedingly beaotiiul Wood £ngravinga (pub. atSs.) 
cloth gilt, gilt edges, 5«. 
This beautiful volume has enjoyed a large share ofiuccess, and detervedlj. 

PICTURE BOOK OF ANIMALS, with nearly two hundred wood engravings, l6mo. 
boards, with printed wrapper, 1<. Cd. ^ 

ROBIN HOOD AND HIS MERRY FORESTERS. By Stkphen Fevct. Square 12ma. 
8 Illustrations by Gulbert (pub. at 6«.), cloth, 3«. 6<f., or with coloured Plates, 5«. ig^i 

SHERWOOD'S (MRS.) ROBERT AND FREDERICK; a Tale ior Youth, fcap. SfOi 
vttli 20 highly flAishcd wood Engravlagi, doth, gUt edges, (pub. at 9»« M.), xtduceA to 4s, •£ 
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REYNARD THE FOX, THE MOST DELECTABLE HISl'ORY OF. Square ISmo, 
with 24 Etchiu^s by EvERDiNGEK. extra gilt cloth, (pub. at68.)>4s.; or, with the plates co- 
loured, extra cloth, gilt edges, (pub. at 8s.), 68. 

SPENSER'S FAERIE QUEEN (TALES FROM), Square 16mo, plates, extra cloth, 

(pub. at 3s. tid.}, 23. Cd. ; or, coloured plates, extra cloth, gilt edges, (pub.at 43. 6d.), 3s. 6d. 

STRICKLAND'S (MISS JANE) EDWARD EVELYN. A Tale of the Rebellion of 1746 j 
to which is added, " The Peasant's Tale," by Jbpfb&ts Taylor, feap. 8vo, 2 fine Plates 
(pub. at £j. ), cloUi gilt, 2s. Cd, 1M> 

TALES OF THE GENII; or llie (lelightfal Lessons of Horam, the Son of Asmar, by 
biJt Charles Morrell. New Ediiiou, coi:a-.ed and edited by Philojuvenis, post 8vo. vitb 
numerous woodcuts and 8 steel eni;raviiiKs in the manner of Stoiliard, cloth extra, jutt ready^ b». 

TOMKINS BEAUTIES Ot ENGLISH POETRY, selected for the nse of Youth, anrl 
dc<ii.G::;cd to inculcate the Practice of Virtue. Twentieth Edition, with considerable additions^ 
zoyul isuto, very elegantly printed, with a beautiful f ronispiece after Haayky, elegant, gilt 
edges, 3«. Cd. 

SKETCHES FROM FLEMISH LIFE, by Heudeick Conscdsnce, square 12mv 

plates, cluth, gilt edges (pub. at C<.), 3«. Cd. 
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rHE MUSICAL LIBRARY. A Selection of the best Vocal and Instmmental Mmsie, 

both English and Foreign. Edited by W. Ayrtox, Esq., of the Opera House. 8 vols, folio, 
compreliending more than 400 pieces of Music, beautllully printed with metidlic types (pub. 
at 4/. 4«.), sewed, 1/. ll<. CcZ. 
The Vocal and Instrumental may be had separately, each in 4 yols. 16«. 

MUSICAL CABINET AND HARMONIST. A CoUection of Chtssical and Popiiltt 

Vocal and Instrumental Music; comprising Selections irom the best productions of ail tho 
Great Masters : English, Scotch, and Irish Melodies ; with many of the national Airs of other 
Countries, embracing Overtures, Marches, Rondos, duadrilles, Waltzes, and Gallopades ; 
also Madrigals, Duets, and Glees; the whole adapted either for the Voice, the Piano-forte, the 
Harp or the Organ; with Pieces occasionally for ihe Flute and Guitar, under the superinten- 
dence of an eminent Professor. 4 vols, small folio, comprehending moi e than 30O pieces of 
Music, beautifully printed with metallic types (pub. at 21. 2t.), sewed, 16«. 

The contents of the work are quite different f^om the Musical Library, and the intrinsic merit 
of the selection is equal. 

MUSICAL GEM ; a Collection of 3(X) Modem Songs, Duets, Glees, Sec. by the mott 
celebrated Composers of the present if Ay, adapted for the Voice, Flute, or Violin (edited 
by John Parry). 3 vols, in 1, Svo, with a beautifully engraved Title, and a very richly illu- 
minated Frontispiece (pub. at 1/. It.), cloth gilt, 10«. Cd. 1841 
The above capital collection contains a great number of the best copyright pieces, including 
some of the most populv songs of iirabam. Bishop, &c. It forms a most attractive Toiomo. 



iJleiicine, ^urgerg, ainatoms, ®5emfetrg, 

BATEMAN AND WILLAN'S DELINEATIONS OF CUTANEOUS DISEASES* 

4to. containing 72 Plates, beautifully and very accurately coloured under the superintendence 
of an eminent Professional Gentleman (D&. CassweUi ), (pub. at \U. U«.), half bound mor. 
Bl. It. 1840 

" E>r. Bateman's valuable -work has done more to extend the knowledge of cutaneous diseases 
than any other that has ever appeared."— I>r. A. T. Tkompton. 

BEHR'S HAND-BOOK OF ANATOMY, by EiRimrr (Demonstrator at Guy*8 Hospital), 
thick 12mo, closely printed, cloth lettered (pub. at 10«. 6d.), it. 6<L ISM 

BOSTOCK'S (DR.) SYSTEM OF PHYSIOLOGY, comprising a Complete Vieir of 
the present state of the Science. Fourth Edition, revised and corrected throughout, Sro, (900 
pages), (pub. at W.), cloth. Si. lOH 

BURN'S PRINCIPLES OF MIDWIFERY. Testh and bert Edition, thick Srq, elotk 
toturedf (pub. at lU.), Is. 
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CELSUS DE MEDICINA- >-di««^ »7 E. Mii.LinAW, ll.D. cum Indice copiodHiiiMjtt 

•dtt. Targic. Tlilck hvo, Front lijileoe. (puh. at 16».)i cl«"tl». «•• "* 

Tbls la the vcrv lirit e'iUioii of Ce:«i»». It contains critical nml medlral notes, applIe&Nat* 
the iiraciicr of tli'ia couuirv ; a •urAllel TjiVU- of ancUat uni modern Medical <""»*» •'"f.^Wfl 
ticlKiitii. iiira«.iies »c. and. Ir.d t-l, eTer>lhlnf which can be uacful to the Medical HtudMt. 
to,(eii rr «Uli a ftliiicui^rly eatenalve Index. 

ELLIOTSONS (DR.) HUMAN PHYSIOLOGY, Uluetrated with numennu woodcut^ 

nllh edition. Ililck hth. cuiiI.. (i>ul>. at u. U:], Un-id. 

LAWRENCES LECTURES ON COMPARATIVE ANATOMY. PHYSIOLOGY, 
iu"rU)UY. AN 1>T1!K NATURAL HISIOUY OP MAN. New JJdiUott, poet Mo, witka 
FroniUpicce of l»orlralu, eiiKiarrd on bieel, and 12 Plat««, cloth, 5*. ^ 

LAWRENCE (W.) ON THE DISEASES OF THE EYE. Third Editioii, "▼^^'gj 
enlarged. 8vo, (SJi) cioaely prbied pa.-ta), (pub. at W.4*.), cloth, 10». ft*. "^ 

LETS (DR.) ESSAY ON THE CROUP, bvo, 6 Platci (pub.atl5«.),cloth,8*.6A1836 

MACLISE'S COMPARATIVE OSTEOLOGY; demoiutniting UieArcUetype Skeleton 

of Vcrtehrated Aniinals. ruli.i, il jiJati-a, il'itb, \l. 5i. 

NEW LONDON SURGICAL POCKET BOOK. Thick royal 18mo. (pub. at 12*.), half 

llOUl.ll. it. *••• 

PARIS' (OR.) TREATISE ON DIET AND THE DIGESTIVE FUNCTIONS^ 

lifth Eilitiun (pub. at 1^.), clutb, 5<. 

PLUMDES PRACTICAL TREATISE ON THE DISEASES OF THE SKIN, 
rounh Edition. I'latus, thick tvo (pub. at 1^. is ), clutb, 6*. otf. 

SINCLAIR'S (SIR JOHN) CODE OF HEALTH AND LONGEVITY. Sixth Edition 

compleie in 1 tliick vol. b>o, Porirait (pub. at W.), cluth, 7«. 1*M 

dOUTH'S DESCRIPTION OF THE BONES; together with their sereral Connezioni 
with each other, and «itb the Muscles, specially adapted for Students in Anatomy, aaBetoas 
'^'oodcata, third edition, li'uio, cluth lettered (pub. at 7<.), 3«. 6d. MH 

STEPHENSON'S MEDICAL ZOOLOGY AND MINERALOGY; inclading alio an 
Account of the Animal and Mineral Puiaons. ii coloured Plates, royal 8to, (pub. atU. St.), 
cloth, 1/ 1*. UM 

WOODVILLE'S MEDICAL BOTANY. Third Edition, enlarged by Sir W. J acooi 
BooKBR. 5 vols. 4to, with 310 plates, eneraved by Sowekhy, moat carefully coloured (pub. 
at 10/. 10«.), half-bound morucco, s/. it. The Fifth, or Supplvuientary Volume, entirely by 8XB 
W. J. UooKSft, to complete the old Editions. 4to, 3« coloured Plate* (pub. at2^Ui.Cd.), 
boards, U. lis. 6d, lOfl 

BRADLEY'S GEOMETRY, PERSPECTIVE, AND PROJECTION, for the nw tf 

Artiata. 8 Plates and numerous Woodcuta (pub. at 7«.), cloth, it, iMi 

EUCLID'S SIX ELEMENTARY BOOKS, by I)b. LABonm, with an Explanatory 
Commentary, Geometrical Exercises, and a Treatise on Solid Geometry. 8to, Niiitn Bditioa, 
cloth, 6t. 

^AMIESON'S MECHANICS FOR PRACTICAL MEN; includinsr Treatises on the 

Composition and Resolution of Forces; the Centre of Gravitv; and the Mechanical Powers; 
illuatrated by Examples and Devious. Fourth Edition, greatly improved, Svo, (pub. at 15s.), 
cloth, 7«. M. IgM 

•* A great mechanical treasure.**— Z>r. Birkbeek, 



BOOKS PRINTED UNIFORM WITH THE STANDARD LIBRARY. 
CHILLINGWORTHS RELIGION OF PROTESTANTS. 600 pp. 8#. 6d. 

CARYS TRANSLATION OF DANTE. (Upwards of 600 pages), extra blue cloth. 

wlJhariclil) BiUback, 7*. CcL ' ISlT 

LAMARTINES THREE MONTHS IN POWER; a Iliatory of his PoUtical Qtreer. 

Post 8vo, sewed, 2». ' ' v«sw. 

STANDARD LIBRARY CYCLOP/EDIA OF POLITICAL, CONSTITUTIONAL 

Statlstiral. and lorcnsc Kiw.wlcJfc-c. 4 vols, 3*. 6d. each. "•-»■♦ 

The Coni|>iler, M n. Gf.orur Long, is one of the moat competent Scholars oftbe day. 

MICHELETS HISTORY OF THE FRENCH REVOLUTION, tranaUted by C. Coco. 

S vols. In 1, 4«. ' wwv«ii, 

STARLING'S ^MISS) NOBLE DEEDS OF WOMAN, or Examples of Female Cbnratt. 
Fortitude, and Virtue. Ibird Edition, enlarged and improved, with two Terr baaatffa^ vSI 
tispieces, elegant in ch>th, A<. ' «-wi««^- 
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BOHH S ILLUSTRATED LIBRARY 



i. MARRVAT-S PRIVATEERS-MAN ONE HUNDRED YEARS AGO. New 
tdilioB, witli 8 liMtdsBrtingioB ileel in. tlie mBanor dIStohhid. 

5. NAVAL AND MIUTARY HEROES OF GREAT BRITAIN ; nr. Cslmiir 
7icU»T. S; Uajoi Joiins, aU, iDd Luut. P. 11. Nicolui, K.M. Wi li 

7. MARRYATS SETTLERS IN CANANDA. New Edilloa, lUuitrHcil ni 

10 Bie sugnnDKi on cool bji Gii.biii ud DIUIEI. 
a. PICTORIAL HAND-BOOK OF MODERN GEOORAPHY. completed to tlie 

primt timg. B; Bmu G. Bohh. With UO Engniinnoii wood, and 6 

Mapi eBgnTed on ilael. Ai. ; or, with Ihl Hapa coloured, 7i. (M. 
9- ANDERSEN^ DANISH LEGENDS AND FAIRY TALES, foi thg (Int tivs 

CBBplet^ tiuBliiiod bum the oririnul, uu eontuuiii! muiy tilei uil in uij otlit 

editloil. WUblxavoodEninnnii. 
0. LONGFELLOW'S POETICAL WORKS,. Complete. Portnut. mi 3* fuU-page 



B»xit ?onEK, 



u Pundlie biit, Todd't 1 _ _ __ 

a aeleciioixif EiplanUoriNotn. b; Hins! G. Bohn. lUulntAd ! 
(wMdEomvioge. InSTolB. Vol.1, Parmiiie Loat, complele, 
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BONN'S CLASSICAL LIBRART. 



T.HERODOTUS. BjtheBBT. HimiCiir, M.i. FmnlUplii:,. 
9,a3.THUCYDIDES. Bj the Bsv, H. Dtw, In S VoK (3j . W. (mW. Fnniif — , 
4. PLATO. Vol. I. B; CjuT, [The ifolorj of Socnlti, Crlto, Phadi, OortLM I 



rnc Apoloe; of Si 
tetu, Euthyplutqi, Lj 



Ithyplutqi, Ljlil.] FrBntintitce, 

.. HISTORY OF ROME, lilenUlj tniMlated. Vol. I, Boob 1 to 8, 

S, PLATO, Vd.ll. Br Dim. [Tbe EUpiibUe.Timani, udCiiuii.l 

7. UVY-S HISTORY OF ROME. Vol.U. SookaStoSS. 

3. SOPHOCLES. The Oxford Tnuulatio9.nTiKd. 

). *9CHYLU3, liWriBilnnililtd. By - ' ™,--. ... 
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, 9 HISTORY Of ROME. 
L EURIPIDES, blandlj tn--' 

^ ...IGIL. BjDjiTiDSOF, Noi -, - . 

}, HORACE. BjrSiiuT. New Edition, Tcriaed, (Tnnti.td.) rronIL,... 

>. ARISTOTt,E« ETHICS. Bj Vtar. B W. Bhihhi, of King'i College. 

1. CICERO'S OFFICES. [Old Ags. Fiundihip, Seltdo'i Dreun. Poradaiea, lu.., 

i- PLATO. Vol. UL Bjr O. Bnioia. HA. [EnOiTdsniiii, Srmpoiiiuii, SopUiM \ 

FflUtleqa,tubei,F>rnieBidea, CiilTlD,aii^HeM.] 
i' yXi?-"!?™?.T_5f..?°'tf.-.. Vol-l^lwUclininiplolM 



1. HOMER'S ODYSSEY.H. ........ .„..„.., 

i. PLA-TO. Vol, IV, Br 0. Buioii, HJ,. 
Two Aldbiidee, and Tin other [lialofiiu.i 
1. SS, fc 39. OVID. B)rH.r.Bii,ET,%.i. Cooipletliu 8 Volt. rni^ii^Ucti. 



